

MACMILLAN AND CO, I imitsd 
LONDON DOMBAY CALCUTTA MADPAS 
MELBOURNE 

THE MACMILLAN COM PAN \ 

NEU YORK. BOSTON CHICAGO 
DALLAS SAN FRANCISCO 

THE MACMILLAN CO OF CANADA, Ltd 


TORONIO 



•\ CLA^S-HOOk OF 
OKOAN1C CMFMlkl'HV 



COPYRIGHT 

First Edition, 1917 

Reprinted 1918. 



PREFACE 


This little \olumc has been written as an introduction to 
organic chemistry for the use of first jear medical students 
and for senior science students m schools By treating the 
theoretical and practical sides of the subject concurrently, it is 
intended that the book may serve the double purpose of 
text-book and laboratory manual It is di\ ided into three parts 
In the first part the general principles underlying determinations 
of puritj, empiric and molecular formulae and structure, arc 
explained and illustrated b> a careful stud} of two of the 
most familiar and most casih procurable organic substances, 
\ 17 , methyl and cth>l alcohols In the second part, the 
aliphatic compounds arc described m a more systematic fashion , 
and the third part is devoted to a brief account of the more 
important members of the aromatic series It is hoped that 
the book will fill a gap and serve the purpose for which it 
was written 

I wish to acknowledge the valuable help I have received 
from Mr A T Simmons in the correction of the proofs 

J B COHEN 

The University, Leeds 
Apul, 1917 
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A CLASS BOOK OF 
ORGANIC CHEMISTRY 


INTRODUCTION 

Orgamc chemistrj, until about the middle of the nineteenth 
centurj, included only materials demed from the products of 
animal and plant life The name orgamc was used to denote 
the source of these products from organised matter, and at 
the same time it scried to distinguish them from the mineral 
or inorganic materials of the inanimate world 

Tins original meaning of the term organic has long since 
disappeared Whilst a little more than half a century ago 
organic compounds demed from animal and vegetable sources, 
such as sugar, starch, oils, fats, gums, resins, etc , could be counted 
only b) hundreds, the number to-day exceeds one hundred 
thousand, and they are mainly artificial products of the laboratory 
andithe chemical w-orks 

We shall learn in the sequel the reason of this sudden growth 
of organic chemistry in recent jears, and the change m the 
nature of its materials In passing, it may be briefly stated to 
be due to the blending of science and industry Thus the art of 
the dyer has been revolutionised by the introduction of artificial 
dye-stuffs , the skill of the surgeon has been greatly assisted 
by the discovery of anaesthetics and antiseptics , the photo- 
grapher has to thank organic chemistry for his “ developers ” , 
artificial drugs of established purity are used in medicine, 
artificial essences m perfumery Moreover, the organic chemist 
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lias the task of controlling Mich industries is tunning, the innnu- 
ficturc of sugar so ip inks piper glue and gelatim , rubber, 
artificial silk, explosives, &c But in addition to the applicition 
of scicnre to industrj there were other muses at work winch 
awakened organic chemislrj from its long torpor 

It must lie remembered m the first place, that inorganic 
substances— that is to sis the principtl derivatives of the 
metals and non-metals— were divisible into three main classes 
numeh, bases md acids uid their combinations, ninth ga\t 
rise to salts Moreover tub hist, and and silt consisted of 
certain elements which characterised the substance Ihdro- 
chloric atid w is composed of hvdrogen and ehlornu and no other 
compound of these two elements was known Cuistn sod i 
consisted of sodium, hvdrogen, and oxvgcn, and it w is the onlj 
existing substance which contained these three elements Simi- 
larly the salt formed hv the union of these, two compounds, 
mmcly, sodium chloride or common salt, was tilt onlv known 
salt c ontaimng sodium and chlorine 
Each combination of elements usually represented one sub- 
stance There were some few exceptions, suth as the different 
oxides of leid, but then properties did not grettlv differ and 
their rel ilionships were cisilv explained But it was found 
that the compounds derived from living matter alw ivs contained 
carbon and hvdrogen and gcncrallv oxvgcn, ilso verv frccpientlv 
nitrogen, and oceasionnllv sulphur ind phosphorus Moreover 
bodies cntirelv different in chemical and ph) steal properties 
might yet contain the same set of elements Vcetic acid alcohol, 
sugar, starch, animal fit, vegetable oils, gljccrm, etc, contnn 
the same three elements — rirbon, hvdrogen, and oxvgcn It 
was mconcen ible that such differences in character could he 
evolved out of the sime three elements without the intervention 
of some special power, md this was termed* vital force ’ The 
living world, so it was held, hid aside the rules which governed 
inorganic chemistrj It possessed its own laws of combination 
and its own force of admit) These views proved to be entirel) 
lllusor) For it was not long before organic compounds were 
found to obe\ the same simple laws of combination b\ which 
inorganic chemistry was governed 
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And here reference must be made to the important role which 
accurate anal) tical methods ha\e played m consolidating the 
foundation upon w Inch this new branch of chemistry was erected 
It was Berzelius who in 1814, by improving the method of 
anal) sis, was able to prove that at least the simpler organic acids 
consisted of elements united m simple atomic proportion A 
still more accurate and easy anal) tical process, which was 
devised by Liebig m 1830 and is still used m all its essential 
details, onh served to confirm this interesting result (p 14) 

But the belief in a “ vital force ” w’as not so easily eradicated 
On the appearance of the first artificial products, hitherto derived 
from natural sources, it began to lose ground Oxalic and 
formic acids, alcohol, and urea were prepared in the laboratory 
The most remarkable of these four investigations is undoubtedly 
the production of urea, a substance associated with waste 
products of the animal economy, which was first prepared 
artificially by Wohler m 1828 

Organic synthesis, as it is called, broke dowm the last barrier 
which separated the products of the 01 game from the inorganic 
world of matter 

Although man) of the more complex natural products lia\e 
not yet been obtained artificially, there is a sufficient array of 
these substances to warrant the firm belief that what the li\ ing 
animal or plant has accomplished within its own hidden woikshop 
ma) be imitated by the chemist m his laboratory 
Among svnthctie compounds which fifty years ago were 
exclusively of natural origin may be mentioned oil of bitter 
- almonds, grape sugar and fruit sugar, alizarin and indigo, caffeine, 
camphor, and limonenc (contained in oil of lemons, etc), uric 
and (found m the excreta of reptiles), conme from hemlock, 
cocaine from the coca leaf, and many others 
Thus, organic chemistry has renounced its original meaning, 
and now takes its place as one chapter — a very large one — in 
the science of chemistry, which treats of the compounds of carbon 
Let us look a little more closely into the subject of chemical 
synthesis, which may be said to be one of the ultimate aims of 
the organic chemist The organic chemist finds a powerful 
and valuable vegetable drug like quinine, which is costly on 

n 2 
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account of the comparatn ely small quantity present m the 
cinchona bark from which it is extracted, or an important dvc- 
stuff like indigo, which is grown in the East and has to be imported 
into Europe from a distance of thousands of miles How is 
he to set about building up these substances from simpler and 
cheaper materials m the laboratorj ? lie cannot do it directlv 
He must first discover the elements of which the substance to 
be synthesised is composed, then the relalioe number of atoms 
of each clement present, thirdly , he must find the weight of 
the molecule, or, m other words, the actual number of each kind 
of atom 

All this is comparatively easy, and merely involves a knowledge 
of anal) Heal and other recognised methods of procedure, which 
will be present!} explained The next stages arc more difficult, 
for he must proceed to break up lus molecule bit bv bit bv lopping 
off groups of atoms until he has so far simplified Ins molecule as 
to be able to identif) the residual nucleus This nucltus then 
becomes his starting-point m the synthetic process, and his 
task now consists in piecing together the portions he has detached 
In this waj, if he is successful, he will fin illy obtain the product 
from which he started 

But he may be confronted with a diffimllv, the cause of which 
was onl> slowly recognised by the earlier investigators lie 
may piece together the separate parts of his molecule and obtain 
a substance which contains the same elements and the same 
number of atoms of each as the original substance, and jet the 
two may be unlike How is this to be explained ? Sulphuric 
acid is written II 2 S0 4 , and no other substance possesses this 
formula , but CJI^O stands, not for one, but for two substances 
whilst C s H, 2 0 4 represents 66 different compounds What does 
this imply ? Simply that the atoms mav be different!} grouped 
It is clear also that the larger the number ofsatoms in the mole- 
cule, the greater the possible variety of combinations Ihus, 
in the example given, the bigger molecule offers the larger number 
of variations' 

Compounds of this character which have the same number 
and kind of atoms are said to be isomeric This phenomenon 
of isomerism is a feature of organic sjnthesis which constantly 
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presents itself Tt follows that before a successful sjn thesis 
can be accomplished, the position of every atom must be ascer- 
tained, so that the production of an isomeric substance maj, 
as far as possible be a\oided The grouping of the atoms in 
a molecule is known as its structure or constitution The study 
of structure necessarily precedes that of synthesis 
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GENERAL PRINCIPLES 


CHAPTER I 


THE PURIFICATION Or ORGANIC COMPOUNDS 


Before the structure of any compound can be ascertained 
it is necessary to have it in a state of purity — that is, to remove 
every foreign ingredient We will begin, then, by inquiring a 
little more closely into the way m which a compound may be 
purified The majority of solid organic compounds are crystal- 
line, and the method of purifying such substances is usually 
by the process of crjstallisation The impurities commonly 
remain in the mother liquor 

Crystallisation — The first essential is to select a suitable 
solvent, that is, one which dissol\ es much more of the substance 
at a high than at a low temperature, or to use two miscible sol- 
vents, in one of which, however, the substance is but slightly 
soluble We may make use of the latter method for crystallising 
cane-sugar, which is soluble m water but nearly insoluble m 
alcohol 


E\pt i —Purification of Cane-sugar —Dissolve m a small 
beaker 8 grams of cane-sugar in 4-5 cc of water by warming 
gently, add 20 c c of alcohol to the solution, shake up and drop m 
a small crystal of sugar Let the solution stand till next dav 
The cane-sugar is deposited m crystals Brown sugar may be 
punfied by first removing the colour with animal charcoal and 
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then crystallising Boil ovei a small flame 8 grams of brown sugar 
dissolved in 40 c c of water with the addition of about a gram ot 
animal charcoal for a quarter of an hour The hquid loses its 
brown colour Filter and evaporate m a basm until about 10 c c 
of liquid are left Pour into a beaker, add 20 c c of alcohol, and 
if a precipitate is formed, cautiously add water drop by drop until, 
on warming, a clear solution is obtained Put in a crystal of sugar 
and leave overnight covered with a watch-glass Colouiless 
crystals of cane-sugar separate 

Melting-point determination — The majority of solid or- 
ganiccompounds fuse when heated This is an important property, 



for b) its means the purity of a compound may be ascertained 
It is well know n that the presence of a “ foreign ingredient ” 
lowers the melting point of a substance Fusible metals are 
made on this principle If we made various mixtures of two 
substances A and B and plotted their melting-points as ordinates 
and the quantities as abscissae we should obtain a curve something 
like that in the accompanying Fig 1 The melting-point of 
each would fall with successive additions of the second substance 
until it reached a minimum and w'ould then rise until the second 
pure substance alone was present 
Success] \e crystallisations w'ould show by a change or other- 
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wise m melting-point if the substance were pure Slow liquefac- 
tion is usually an indication that the substance is impure or 
decomposes for the following reason on cooling a mixture of 
two substances, the one that predominates would separate 
until the mixture of minimum melting-point (eutectic point) 
is attained, when the whole would solidify On heating a mixed 
solid the re\erse occurs, and if the process takes place slowlj 
some of the more fusible mixture will melt, leaving the purer 
and therefore the substance with the higher rtielting-pomt 
Thus the melting is protracted and may take place through a 
wide range of temperature 


Expt 2 — Melting-point of Cane-sugar — For melting-point 
determinations the following method is used A small sample of 

finely powdered cane-sugar, which 
has been carefully dried, is introduced 
| into a capillary tube of about i mm 

I inside diameter sealed at one end 
The tube is made from soft thin-walled 

sf glass tubing, about 15 mm diameter, 

i " -t»y rotating it m the blou'-pipe flame 

3 - until the glass softens and then slowly 

1 5 fcjjg drawing it out The long capillary is 

7Pl then broken into lengths of about 

ijjpjftd ftM] 7 cm (2 1 in) by scratching across 

: a *|H i" vuth a w riting diamond, and each short 

: I tube is sealed at one end To mtio- 

1 : , duce the substance it is convenient to 

: ’ j|l t scoop up the finely powdered matenal 

off a watch-glass with the open end 
_ By tapping the closed end on the 

A® bench, the powder is shaken down 

* The quantity introduced should 

II occupy a length of about 2-3 mm 
s =- when tightly packed The tube is 

- attached to a thermometer (preferably 

With a verv small bulb) so that the 
substance is level with the bulb The 
Fig a — Apparatus for determining attachment may be made by a narrow 
the melting point. rubber rmg or by simply moistening 

the side of the capillaiv with the 
thermometer bulb which has been dipped in the liquid in 
the bath, and then pressing it against the thermometer stem 
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The thermometer pa®®es through 1 cork, loo®el) inserted into 
? large test-tube (bojlmg-tube) filled with concentrated sul- 
phuric acid, gljcenn or castor oil to a depth of about 5 cm 
(2 m ) The apparatus is clamped to a retort standing o\cr ware 
gaure and is heated \cr\ gradualh b\ a small flame Wien a 
certain temperature is reached the substance, if pure, melts sud- 
denl\ within one or two degree® \\ hen approaching the melhng- 
pomt it 1® de®irable to remo\ e the flame or turn it \ er\ low so that 
the n®e of temperature n \ era gradual If the liquefaction is pro- 
tracted, it is an indication that the substance is not pure The 
melting-point, obtained 111 this wa\ to be quite accurate, must be 
corrected for the temperature of the thread of mcrcurj outside the 
liquid 

Some substances do not melt but, on reaching a certain tem- 
perature decompose The purita of such substances can onl\ bo 
approximated gauged bj repeated cr\ stall isaiion and careful 
microscopic examination 1 1 is difhcult to establish w ilh certainty 
whether ®ub®t?nce* such as resin starch and albumin, which do not 
cr\ ®lalhxe arc single indie iduals or not, and purification is rendered 
\cr\ troublesome 
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Fermentation — When brewers a cist (saccharome ces) is 
added to 1 solution of grape-sugar (glurosc) or cinc-sugar the 


liquid shortk iiegins to froth 
and Ins the appeanuuc of boil- 
ing although there is a scarceh 
perceptible rise of temperature 
The process is called fermenta- 
tion from the Latin fervere to 
boil \ fundamental change 
occur* in the sugar wherein it 
is broken up into ethyl alcohol 
and carbon dioxide 



L\pt 3 — Dissoh c 50grams of 
grape-sugar (glucose) in 500 c c 


Fir 3.— Fement-i ict o r T •titri- solution 


of water , pour the solution into a large flask {2 litres) and add 
about half an ounce of fresh brewer s \east Tit the flask with a. 
cork and bent dclncrv tube, dipping into lime water (Fig 3). 
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Warm the solution to about 25°-30° C 1 and leave the flask m a 
warm place After a short time bubbles of gas appear, and a 
considerable deposit of calcium carbonate wall form in the limc- 
w ater After two days the presence of alcohol m the flask may be 
ascertained by pouring out a small portion of the liquid into a 
flask furnished with an upright tube On gently boiling the 
contents, the vapour of alcohol, which is more volatile than water, 
is the first to pass out of the open end of the upright tube and may 
be ignited The remaining contents of the flask are distilled 

Fractional distillation — To separate the alcohol from the 
other contents of the liquid and to some extent from w'ater, 



recourse is had to the process of fractional distillation The 
apparatus is' shown m Fig 4 It consists of a distilling flask, 
a , a condenser, b, and a receiver, c The^ask is provided with 
a thermometer which is inserted through a cork m the neck 
If the liquid m a is boiled the vapour passes into the inner tube 
of the condenser, where it is cooled by a current of cold water 
in the manner indicated, and the condensed liquid runs into the 
recen er, c This process is called distillation and the temperature 
of the vapour of the boiling liquid, as indicated by the thermo- 
meter, is the boiling-point of the liquid It will be found, 
how-ever, that, as the liquid distils, the thermometer- shows a 

1 As temperatures are ilwajs referred to the centigrade scale, the " G ’ will 
henceforth be omitted 
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gradual rise of temperature This is due to the fact that two 
liquids are distilling alcohol boiling at 78° and water at ioo° 
The boiling-point curve of an alcohol and water mixture will be 
represented oy a continuous line rising from pure alcohol at 7S 0 
to pure water at ioo° (Fur 5) 

It follows therefore that e’ er\ portion distilling wall consist 
of an alcohol and water mixture containing, as the temperature 
rises an increasing proportion of water 

It may be added that certain mixed liquids exhibit conca\ e and 
otners com ex boiling-point cun es that is a certain mixture has a 



boihng-pomt v Inch is e»ther higher or lov cr than either of the pure 
substance* Tins method of sepiration is then less easily applied 

B} collecting the firsi portion or fraction of the distillate which 
boils belov roo = (about 50 c c ) a partial separation is effected 
This fraction wall contain the mam portion of the alcohol The 
process of separating the distillate into Jractions^of. different 
bodlng-points "Is calle d fr actional distillation and is e mployed 
in m ah\Ta ngTecnmSl-operations.5uch^as.the.petroleum i ndustry 
(p S3) the destructne distillation of wood (p 34) v and of coal 
(p 24 6) andjn^pint-distiUencs (p 23! ~™~~ 

A mo^e effeem e method for separating the alcohol b\ distillation 
is to use a column., or stHlmead^ There are many forms of this 
apparatus one of vhicn is made from a piece of wade tubing 
of about 15 mm inside diameter drawn o ut below o r sealed to 
a^narrow.ec,piec e of tubin g at thejower end nn rLfillprl v a^bAbin 
glass beads kept m_ posi tion by plugs_i>_f _£opper^gauze The 
upper end is fitted witrTa T^piece "holding the thermometer 
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as shown in Fig 6, b It is knowp as a Hempd column Another 
form of column (Vigreu\ column) tin be made from a similar 
piece of wide tubing b> heating it at various points with the tip 
of a narrow blow-pipe flame until soft, and inserting the end 
of a file with a slight pressure inwards A ring of three or four 
such indentations is made so that the projections inside nearly 
touch, and at intervals of about i*— 2 inches as in Fig 6, a 
The action of the column may be explained as follows The 
vapour gi\cn of! from a mixture of liquids 
7[ (1 contains, as a rule, a larger proportion of the 

'l more volatile constituent than the liquid If 

fP^ 11^* this vapour is partly condensed m its ascent, 
the \apour above this condensed liquid will 
be still richer in the more volatile constituent 
If, bj a series of con strictions or diaphragm^ 
the condensed liquid isobstructcd~in its return 
flow, a momentar\ equilibrium between liquid 
and vapour is established at each diaphragm, 
and the longer the column the greater will be 
the amount of the more volatile constituent 
m the last portion of vapour to undergo con- 
densation This passes off by the condenser 
and is collected 


1 

1 

m 

J 
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Fig 6 — Fractionating 
columns. 


The alcohol partially separated in this way 
still contains water A more complete separa- 
tion could be effected by a second fractional 
distillation within a narrow cr range of tempera- 
ture , but this may be omitted The. remain-- 
ing water can be xemovedjiy .adding ajjuantity 
(about 20 grams) of solid potassium carbonate 
to the 50 c c_ _of jbstihate The carbonate 
absorbs Hie water and Jorms^u heavx Jiquid Ja.5 er beIow“_the layer 
ofalcohol^ The loiver la^er-is removed -b^means^ofji pipette, 
or more conve niently by means of a ta p-funnel (Fi'g~ 7) 
The~aIcbKol is further deh) d rated -.with ..fresh .potassium car- 
bonate or_ quicklime If the alcohol is now separated from the 
solid and distilled, the liquid will show a nearly constant boilmg- 
point of 78°-79° throughout the distillation. The constancy 
of boiling-point is an indication of puritj The quantitj obtained 
in this way is usualh about 20 c c 
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Composition of Sugar and Alcohol (qualitative) — 
The method for ascertaining the presence of carbon and hydrogen 


in organic compounds Mill now be 
described In. the cas e of the Jess 
\ol atile and non-inflammable sub- 

stances J __tlie_CQmpountL.iS mixed 

lth copper. oxide and h ealed The 

carbon is converted,, into, carbon 

dioxide and _ the hydrogen~_jnto 

water, _t he cop per. 0Mde„bemg__at 
the same time - reduced - to — the 
metal 

Expt 4 — Fit a small hard glass 
test-tube 111th cork and delivery 
tube dipping into hme-iiater (Tig 
8 ) Heat a feu grams of fine 
copper oxide in a porcelain crucible 
for a feu minutes to drue off 
moisture, and let it cool in a desic- 
cator^ Mix it with about one-tenth 
of its bulk of pondered sugar m a 
mortal Pour the mixture into the 
tube Clamp the tube horizontally 
to a letoil stand and tap it gently 
so as to leave a channel along the 
top for the escape of gas Heat 



the mixture gently with a small flame Thcgasudiich bubbles 
tlirough the lime-water turns it milk} Moisture will appear 
near the cork, and, provided that the copper oxide has been 



thoroughly dried before- 
hand, 'this indicates the 
presence of hydrogen m the 
compound 

The presence of carbon 
and hydrogen in alcohol or 

other inflammable ^liquid 

is determined _by _ burning 
the substance and testing 
for carbon dioxide ,^and 


w at£r»— 


Fie 8 
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Expt 5 — Place a little alcohol m a deflagrating spoon and burn 
it in a dry jar Notice the deposition of moisture on the sides of 
the jar On shaking the vessel after the addition of lime-water, 
the latter becomes turbid The formation of water and carbon 
dioxide show s the presence of carbon and hydrogen There is no 
convenient qualitative test Jor^o^gen^ "" ' 

Quantitative analysis of carbon compounds — The 
method used to determine quantitatively the composition of 
organic compounds consists in burning in a current of o xygen a 
weighed amount of the substance (unless it is a gas^ when a 
different method is employedyirTa tube containing copper oxide 
The hydrogen forms water (H s O), and the carbon is converted 
into carbon dioxide (C 0 2 ) Each of these is separately absorbed 
in a weighed apparatus The w ater is collected in a tube con- 
taining pieces of-calciunrchloride,. which takes up moisture with 
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great avidity, and tlie c arbon dioxide in a small ^essel consisting 
generally of-two or-three bulbs filled with caustic potash solution, 
which .absorbs tlmgas_ The apparatus is shown m Fig 9 
Oxvgen is i ntroduced from the reserv oir or gas holder a, and is 
purifiedByjassing throu gh tubes b and c, cont aining respectively 
sodarh me and stron g.sulphunc.acid, to xe moxe trac es of carbon 
dio xide and mo isture The weighed substance is placed in the 
tube in a little boat at d, and the rest of the tube is filled with 
copper oxide The object of the copper oxide (CuO) is to oxidise 
the substance which may come into contact wuth it, as already 
explained The tube, filled in the manner described, is attached 
to the calcium chloride tube e, and to the bulb apparatus / con- 
taining caustic potash, both of which are carefully weighed The 
long tube is heated gradually m the furnace by means of a series 
of gas burners, w lnlst a current of oxvgen is slow ly passed through, 
and thus helps to bum the substance and at the same time carries 
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along the products (w ater and carbon dioxide) into the two vessels 
c and /, in which the} are absorbed *A jecond„gas_holder_con- 
tainmg air. is -used Jor„replacing the-ox} gen" in “the. apparatus 
e and / b\ air at -the end_o t the op era tion These tw'o \essels are 
then' w eighed and the quantity of w ater and carbon dioxide ascer- 
tained We know' from pre\ ious experience that T 2 s tlis or ith 
part by weight of water is In drogen and ff-ths orf\ths by weight 
of carbon dioxide is carbon Thus, from the increase m weight 
of the tw'o \ essels we can find the w r eight of carbon and hydrogen 
in the substance 

Example — 02 gram of grape-sugar produced 0294 gram of 
carbon dioxide and o 120 gram of water 

Hence, 

1 ,J 1 x o 294 = o 080 giam of carbon 

1 X o 120 = o 013 „ hydrogen 

To convert these into parts per cent multiply by 100 and divide 
by the amount of substance taken The difference between the 
sum of these two quantities and 100 must be due to oxygen 

= 40 o per cent of carbon 
loo_^o_o_i3 = 65 .. hydrogen 

diflerence = 53 5 oxygen 

100 o 

If these numbers are now' divided by the respective atomic 
weights of the elements, the 1 dative (not the actual) numbers of 
atoms present in the molecule are given 

=33 atoms of carbon 
12 

~-5 = 65 „ hydiogen 

i6~ = 3 3 ” oxygen 

Dmdmg by the smallest number so as to give the proportion 
m whole numbers, we get approximately Cli 2 0 This is known as 
the empirical formula, because it does not tell us the absolute 
number of such atoms, w hich is gi\ en by the molecular formula 
In the same way, the empirical formula for ethyl alcohol would 
be found to be C,H b O 
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Molecular weight and molecular formula — In order 
to find the weight of the molecule, or molecular formula, 
we make use of certain hypotheses One is called Avogadro’s 
hypothesis, which states that equal volumes of gases under similar 
conditions contain an equal number of molecules Therefore 
the relative weights of equal volumes (or density) will be the 
relative weights of their molecules 


For example, supposing each of the circles. Fig io, represents 
an equal volume of hydrogen and of some other gas, x, according 

to Avogadro’s hypothesis they con- 



Substance r Hydrogen 

Tig jo 


tain the same number of molecules , 
let us say four It is dear that 
if we compare the weights of these 
two volumes, we are really comparing 


the weights of their individual mole- 


cules Now the weight of a given volume of vapour compared 


with that of an equal volume of h> drogen is the vapour density, 


or, 


, weight of v 

1 W'Cight of hydrogen 

It is a \ cry easy matter to weigh a certain volume of a gas or 
vapour (i e gasified liquid or solid) which is not changed chemically 
by Jieating Furthermore, we know from exact determinations 


what the weight of any v olume of hydrogen is at any' temperature 
or pressure (i c c = o oooog gram at o° and 760 mm ) —Thus wc 
canjind what the weight of th e m olecule of the substance is 
compared with" a~ molecule o f hydro gen But the molecule of 
^ 3 ^£°S? 5 J s _ su PP 0 sed to_consist of two atoms, and as we take the 
single atom of hydrogen (being the lightest substance known) 
as the unit for comparison, we have to multiply the above result 
Thisjgives the _u eight of?tbe"molecule_of 7 the' substance 
compared with one tom of h ydrogen , which is what we mean 
when we speak of mol ecular weight This "method is called 
vapour density method, and may'be carried out in various ways 
One of these is known as' Victor Meyer’s air displacement method 
The apparatus and procedure are described in detail m Expt so 
under ether (p 42) The vapour density of alcohol compared 
with hydrogen under the same conditions of temperature and 
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pressure would be found lo be 23 and therefore the molecular 
weight of aleohol is 2 , 23 = 46 wlueh is that gi\en bv the 
formula C,II (i O ' 

This method cannot of course be used for a nonvolatile solid 
such as cane-sugar, and conscquenth another method has lo be 
adopted The method depends upon the fact fust demonstrated 
b\ Raoull that the freezing-point, and also the boi ling-poin t of 1 
- substance is changed (lowered m the firstjrasc ancl_ raised m.the 
second) In the sam e nu mber of deg rees Ji>_tlissol \ mg in it different 
substances _whqsc_ w eights arc. proportional . to, their mole cular 
wc | ghts^_ fins result is due to the change effected in the \apour 
pressure of the sohent by the dissohed substance Supposing 
wc plot the change in lapour pressure with temperature for ice 
and water in the form of a 
curve, and then do the same ‘ co 
after dissoh mg m it a small 
quantm of subsi ince '1 he 
new cur\c will run nearh 
parallel with the first (Fig 1 1) 

It will cut the \apourpressurc 
cur\e for we at some point 
below 6 ° and reach atmo- 
spheric pressure abo\c too 0 , m other words, the addition of a 
soluble substance will lower the freezing-point and raise the 
boiling-point Not onh so, but if an equal molecular proportion 
of another substance w'crc dissohed in the same quantity of 
water precisely the same effect would be observed 

The freezing-point method —Supposing the freezing-point 
of 100 grams of a soh ent to be lowered i° bv dissolving j, 2, 3, and 
4 grams respcctu cly of four different substances the molecular 
weights of these substances will be 111 the ratio,of 1234 Jn 
order to concert these ratios into true molecular weights, the 
numbers must be multiplied bj a coefficient which depends upon 
the nature of the particular solvent selected, and which may be 
determined empirically b} means of substances of Lnowm molecular 
weight or b> calculation from thermodynamical data 1 

(letails tfLrCnCL 1je 10 n hook on plijsicil chcmislrj for further 

Colien s Cl BL Org Cliem ,, 
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If to is the weight of substance and W the weight of solvent, 
A the depression of the freezing-point, and C the coefficient for 
the solvent determined for the standard conditions (i c for the 
weight of substance which produces i° depression in too grams 
of solvent) the molecular weight, M, is given bv the following 
expression — 

4m- 10 — ° 1 ’ 

^ 1 tl\\ 

The values of C for the common solv ents in use are as follows — 

Water 18 8, Phenol 75 

Benzene 5 °> Acetic acid 39 

The form of apparatus, known as the Beckmann freezing-point 

apparatus, is show n m the accompam - 
ing Fig is It consists of a glass jar 
furnished with a stirrer The cover of 
the jar has a wide slit to admit the 
stirrer, and a circular aperture with 
clips to hold a wide test-tube 
Within the wide test-tube is a 

narrower one, which is held m position 
bj a cork The narrow test-tube is 
sometimes furnished with a side-tube 
for introducing the substance It is 

provided with a stirrer \ Beckmann 
thermometer completes the apparatus 
Tins is fixed through a cork so that the 
bulb nearlv touches the bottom of the 
tube, a wide slit being cut in the side 
of the cork for moving the stirrer 
The Beckmann thermometer is of 
special construction, and requires ex- 
planation As the method involves 
merely an accurate determination of 
small differences of temperature, it is 

i_not requisite to know the exact posi- 

j|f tion on the thermometer scale The 
_ " Beckmann thermometer registers 6 

Fig 12 — Beckrmnns freezing * , 

point apparatus. degrees, which are druded into 
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hundredths The little glass rescrvoii at the top (a, big 12) 
senes tin purpose of adjusting the mcrcurv column to 
different parts of the thermometer scale by adding or 
removing mercun from the bulb Ten to fifteen grams of 
solvent are introduced into the inner lube and weighed The 
free 7 ing-pomt of the solvent is then determined In cooling the 
outer vessel with water, ice or a freezing mixluie of powdered lie 
and s lit, below the freezing-point of the solv enl The solv ent is 
shghtlv supercooled and then stirred As soon as crvstals begin 
to separate, the temperature rises and reaches a maximum which 
represents the frce/mg-point of the solvent The operation is 
repeated for confirmation, and then a careful]} weighed amount 
of the substance introduced *\s soon as the substance has dis- 
solv cd the freezing-point is again determined as before, and this 
time a lower temperature will be indicated \ further quantity 
of substance mav be added and a new determination made 

Example — Using 1 gram of cane-sugar in 15 grains of vvatci, 
the free/mg-pomt was lowered o 37° 

'I he molecular weight is calculated as follows it is first 
nccessarv to find the weight of substance which when dissolved 
in 100 grains of solvent will lower the freezing-point i° 

The weight of substance w m 100 giams of sohent is given by 
the expression 

1 v xoo 

""•5 ~ 

\s the propoilion between the substance and the solvent is un- 
changed, no effect is produced on the fiee/ing-poinl 

The weight of substance in xoo grams of solvent required to 
lower the freezing-point i° is 

J X 100 
15 y ° M 

Here it is assumed that the depression of the free/mg-pomt is 
proportional to the weight of dissolved substance 
The above factor multiplied by the coefficient foi the solvent 
(water = 18 8) gives the molecular weight 

1 X 100 X 18 8 _ g 
15X037 33 

The molecular weight calculated for Cj 2 H,„O n =342 
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The boiling-point method — The boiling-point of a liquid 
is found to be affected like the freezing-point by the presence of a 
dissolved substance — that is, the boiling-point of a gi ven quant iU 
of a liquid ls^raisedihc same numberof degrees by dissohing m 
it the same number qfjnolecules o{ diff erent subs tances, or m 
other words such ,w eights of tliegTrs iTbs Lances -os-represent the' 
ratio ofllieir* molecular w eights One form of apparatus for deter- 
mining molecular weights bj 
this method is that of Beck- 
mann, shown in Fig 13 
Beckmann’s boiling-point 
apparatus consists of 1 boil- 
ing-lube furnished with two 
side-pieces, one of which is 
stoppered and serves to in- 
troduce the substance, and 
the other acts as a condenser 
The boiling-tube stands on 
an asbestos pad and is 
surrounded b\ two short 
concentric glass cylinders 
surmounted by a mica plate 
A Beckmann thermometer is 
inserted through a cork m 
the neck of the tube The 
thermometer is similar m con- 
struction to that used for 
freezing-point determinations, 
but it Ins a smaller bulb 
The boiling-point of the sohenl is first ascertained The 
burner is lighted and the temperature regulated so that the 
liquid boils bnsklj The tcmpeialure being constant, it is 
noted, and a weighed pellet of the solid substance is dropped 
into the boiling-tube through the side-piece without interrupting 
the boiling The boiling-point rises, and after a short time will 
remain stationarj The temperature is again noted A second 
and third determination may be made bj introducing fresh 
pellets of the substance 
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When the obsenations are complete, the apparatus is allowed 
to cool and the weight of sohent ascertained b) weighing the 
boiling-tube and sol\ ent 

As in the freezing-point method the molecular weight is calcu- 
lated .from t he weight of substance required to raise the boilmg - 
pomt of 100 grams of sol\ ent i° and the result multiplied by a 
coefficient which 'depends^ upon t he n ature of the sohent The 
followmg'uT'aTiSF of sohents commonly emplojed and their 
coefficients and boiling-points — 


Acetone 

b-p 

56° 

! c 
, 17 1 

, Eth\l alcohol 

[b-p | 

: ?S° | 

c 

11 5 

Chloroform 

6l° 

36 6 

1 Benzene 

8o° 1 

26 1 

>Ieth\ I alcohol 

66° 

i SS 

W r ater 

| IOO° 1 

1 5 2 

Ethyl acetate 

O 

// 

1 26 8 

Acetic acid 

11S 0 

2 5 3 


The molecular weight is determined from the formula 


AT _ 100 cw 

dW~ J 

in which w is the weight of substance, If that of the sohent, 
d the rise of boiling-point and c the coefficient 

Although the method is able to dispose of a greater number of 
convenient sohents than are adapted for freezing-pomt deter- 
minations it is nev er so accurate mainh on account of the diffi- 
culty of a\oidmg fluctuations in the boiling-point, due to radiation, 
to the dripping of cold liquid: from the condenser, and to baro- 
metric fluctuations 

Example — With 4 5 grams of cane-sugar m 15 grams of water 
the boiling-point was raised o 4S 0 

yi = 10 0 x 4 5X52 = 

15 X o 4 S 

Ha\ mg now settled the formula for alcohol the most important 
task remains — that of determining its structure or the arrange- 
ment of the atoms in the molecule 

Enzyme action — Before studying the structure of alcohol, 
we will refer for a moment to the process b> which the alcohol 
was obtained from sugar 
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The change was first expressed by the following equation by 
the French chemist Lavoisier 

CuHjoOo = 2C 2 H a O -f 2 CO, 

Gnpe Ethj / Carbon 

sugar alcohol dioxide 

Now, although this represents the mam result of the process, 
it is not the only one , for it is found that other alcohols, contain- 
ing three four, and five carbon atoms, are produced in smaller 
quantities at the same time (p 107), namely — 

Lolling point 

Propyl alcohol C 3 H 6 0 97° 

Butyl alcohol, C 4 H l0 O 107° 

^myl alcohol, C 0 Hj „0 132 0 


Cl©® 

We 


These can be separated bj fractional distillation , the higher 
boiling portion, consisting mainl) of amjl alcohol, is known 111 
trade as f usel oil „ ~~~ 

Let us consider for a moment how the } east effects this curious 
change It has been stated that yeast is a jivin g organi sm It 
consists of a large number of single microscopic spherical cells, 
about in m diameter Each of these cells multiplies by 
budding, and forms a new cell which ultimately 
becomes detached from the parent cell, and 
thus the process continues with great rapidity 
Moreover, as Pasteur proved, it is only m 
presence of living > east that fermentation can 
proceed If the, yeast is killed by boiling the 
l iquid , or removed bv nitration, fermentation 
qeases. In what manner, then, does the living 
cell act ? \ partial answer to the question has 

been given In the German jehemist, Buchner, who was able 
In using great pressure on thcT dried and ground ) cast to 
squeeze out 1 jellowish liquid which could induce fermentation 
like the lmng cell It follows, therefore, that the living 
veast cell secretes a liquid which brings about the change, and 
that it is a chemical as distinguished from a \ ital process The 
liquid is called zymase 

Enzymes — Without giung a complete answer to the question 
as to how the sugir is converted into alcohol, wc can affirm that 


® <g) 

1 iG 14 — \ cost cells 
(highlj magnified) 
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gin, like vvhfckv, is imdc from harlev and flavoured with juniper , 
the Japanese wine sake is made from fermented rice Wine is 
made from grape-juice, which is allowed to ferment, and the sugar 
which the grape contains is thus converted into alcohol 
If pure, alcohol is required, an alcoholic liquid is prepared b^ 
adding malt to unmalted grain or to potatoes, winch arc ric h\ 
m starch, whereby the latter is com eraid into sugar, and after A 
fermentation the alcohol is separ ited from the residual gram and,' 
so far as possible, from water, by fractional distillation in large 
stills, after which it is freed from water by standing over quick- 
lime Mter a final distillation o\cr quicklime it is known as 
absolute alcohol Pure ethy l alcohol is a colourless liquid with a 
burning taste, which boils at 78° Ml alcoholic liquids and sub- 
stances manufictureiSTfoin Alcohol pay a Government ta\ at the 
rate of ten shillings a gallon of proof spirit — that is, a spirit con- 
sisting approximately of half alcohol and half water by weight, 
and all alcoholic liquids pay' pro rata on the proportion of alcohol 
they cdntauT ~ This proportioiT is “determined by means of a 
s >Pecial_ hydrometer (Sikes) and tables of specific gravities 1 he 
following table gives the approximate content of alcohol usually 
found m different beverages 


Whisky 

Pur 1 
cent 

40 

i Burgundy 

Per 

cent 

Brandy 

40 

1 Hock 

Q 

Rum 

40 

1 Claret 

7 

7 

Gin 

l5 _ 1° 

, Ale 

6 

Port 

20 

' Portci 

5*6 

4"5 

Sheri y 

l6 

| Munich beci 

In determining 

the alcohol in beer and wine 

winch tontnm 


other materials m addition to alcohol and w atcr, a certain \ olumc 
of the liquid is distilled so as to remove all the alcohol, and the 
distillate is then made up to the original volume and its specific 
gravity determined 1 

In the United Kingdom about 170 million pounds worth of 
alcoholic liquids are consumed annually, which contribute m 
duty about 30 to 40 millions sterling to the revenue of the country 

Methylated spirit, which, by the addition of wood spirit (p 24) 
to spiritsof_nme m the proportion of x volume of the former to 
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9 \olumes o£ the latter, renders the spirit unfit for consumption, 
pays no duty and is used \cry largely m trade as a substitute for 
pure eth}l alcohol. 

Ethyl alcohol is usualh detected by w hat is known as the 
todoform test 

En.pt 6 — Iodoform test — To a few drops of alcohol add about 
xo c c of the ordinary solution of iodine m potassium iodide and 
then caustic soda until the brown colour just disappears Warm 
\ ery gently for a minute A turbidity’ soon appears, and on stand- 
ing minute \ ellow cry stals of iodoform, CHI 3 , are deposited, w hich, 
under the microscope appear as lie\agonal__stars or plates 
Iodoform has a peculiarly unpleasant smell (see p 103) 


QUES 1 IOXS ON CHVP 1 ER I 

1 JIow do you purify' and determine the pinily' of (1) a ciy'stal- 
line solid, (2) a \ olatile liquid 5 

2 Explain by means of an imaginary melting-point curve why 
an impure substance shows gradual fusion 

3 How would you show that alcohol contains carbon and 
hydrogen ? 

4 Calculate the percentage composition of cane-sugar CjJ-EO,, 
and grape-sugar C 0 H,_,O ( 

"■Z 5 Calculate the percentage of carbon, hydiogen, and oxygen 
from the following data o 2046 giam of substance gave on com- 
bustion o 29S5 gram of CCb and o 1255 gram of water 

6 How would you prepare a specimen of pure alcohol fiom 
glucose ’ 

, 7 Calculate the molecul.11 weight of grape-sugai, determined 

by the freezing-point method from the follow mg data 1 gram of 
substance in 1462 grams of water lowered the freezing-point 
0725°, c = iSS 

8 Given a non-\ olatile, ncutial, solid oiganic compound, how 
would y'ou proceed to determine its molecular weight ? 

- 9 The following result was obtained by the boiling-point 
,method in alcohol Calculate the molecular weight 1 01 grams 
of substance m 24 2 c c of alcohol raised the boiling-point o 535 0 
The specific gra\ ity of alcohol at the boiling-point is o 7422, 
c—11 5 

10 A substance gave the following analytical icsult C=5 [ 5 , 
H =9 09 per cent , O —difference A \ apour density determina- 
tion by V Meyer's method gave the following result o 1 gram of 
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substance displaced 27 c c of air measured at 15° and 745 mm 
(vapour tension of water at 15° = 12 7 min) Determine the 
molecular formula 

11 What is the effect of distilling a mixture of alcohol and 
water ? Explain w r hat happens 

12 Describe the steps by which alcohol may be prepared, 
starting with starch What volume of air under normal conditions 
would have to be mixed with the vapour of 10 grams of alcohol to 
ensure complete combustion m an internal combustion engine 7 

13 Describe briefly the manufacture of beer, w Iusk\ , nine, and 
brandy How v ould you propose to determine the presence and ’ 
amount of alcohol which they contain ? 




ciupitr ir 


-50MI RJ U'llON*' or I- THU U COHOI 

I hi '-inn tim. of i Militant c is .iMirtained from a \.irioly 
of rct< turns and the manntr in wlmli tlu\ mi; be interpret! d 
YW will now study with tins objut »oim of the reactions for 
ilb\1 ahohol 

l.\H ~ — Preparation of Sodium ethoxide — Weigh out caic- 
full\ m a. wcll-corhtd tube o vo I pram of dean cut sodium 
nml fit up in lpjnratus shown 
in Tig 15 

I lie \\ nit he«l( r quirt bottle 
i« filled with watu md inv air 
spa<c left is retnoud b\ pour- 
ing 1 little water into the 
graduated edinder {.>50 cc) 
and snehing the air out at the 
end of the tube to which the 
llish is attached Winn the 
bottle is filled* the tube dip- 
ping into the cy hnder should 
be full of water and sufficient 
watci should remain in the 
( \ hnder to eo\ ci the open e ml 
W hen the pmeh-eot h is dosed 
the le\cl of will? 111 the edindci should lcmam stationary 
Read off uul note the le\d Pour 10 c e of ethyl alcohol 
into the flash diop in the weighed piece of sodium, attach 
tin flash at once and open the eoch Effcry esceneo ocuus, 
due to evolution of hydrogen fiom the alcohol, and the sodniin 
di'-ajipeais \\ hen netion h is teased .uul the fl ish is cold, read off 
the ley cl of the watu 111 the eylindu llie diilueiiec gives the 



1 n 11 — Mr 1 urrmi-nt of i!ic lolnnic of 
hull ,,cii frtnucil on i!i> olvinp i known 
wrijii of vliuin in skoliol 
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volume of gas evolved This should be 1 educed to normal 
temperature and pressure The solution in. the flask must now be 
evaporated to complete dryness on the water-bath 
Weigh a small basin with a short piece Qf glass rod Pour the 
solution from the flask into the basm and rinse out the flask 
twice with a few c c of alcohol Evaporate the liquid with 
constant stirring on the water-bath until dust-dry 

Cool m a desiccator and carefully and quickly \\ eigh This 
solid residue, which has a brown colour due to slight decom- 
position is sodium ethoxide 

Example — 0331 gram of sodium gave 182 c c of hydrogen at 
19 0 and 758 mm The vapour tension of water at I9°=i6 mm 
The weight of icc of hydrogen at o° and 760 mm =0 00009 
gram 

m2L (75 3 - 1 6) X 182 : x oogpo g ^ 0 OI49 gvam o{ hydrogen 
292 X 760 

llie icsidue on evaporation weighed o 964 gram, | 

£1 6 4 = 65 1 

o 0x49 

Therefore 1 gram of hydrogen is nearly equivalent to the molecular 
weight m grams of sodium ethovide, or, 

Na + C,H„0 = C 2 H a ONa + H 
23 46 .68 x 

It therefore follows that the one atom of hydrogen which is 
, replaced is differently situated from the remaining five, seeing 
'that it can be removed by sodium, whereas no amount of sodium 
^ r will effect any change m the remaining hydrogen atoms 

Evrr 8 — Preparation of Ethyl chloride — Add <1 small quantity 
of phosphorus pentachlondc to a few c c of alcohol Notice the 
vigorous action and the evolution of fumes The latter is due to 
hydrogen chloride which may be identified by holding in the neck 
of the vessel a glass rod dipped in a solution of silver nitrate At 
the same time, a new volatile organic liquid, ethyl chloride, is 
formed and also phosphorus oxychloride, which remain 111 the 
vessel These products, which cannot be conveniently separated, 
point to the follow ing reaction 

C^jHjO + PC1 0 = C_H,C1 -f- HC1 -(- POCIj 

1 The low value is flue to slight decomposition of the sodium ethoxide 
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The same organic compound, etlv\l chloride is obtained by 
passing hydrogen chloride gas in to hot alcohol in presen ce of 
sohtTzinc chloride, which takes up the w ater formed The ethyf 
chloride, which boils Tit 1:5" must be^colletted in a \ essel 
cooled m ice 

C,H c O + HC1 = C,H u Cl + H,0 

1 Here it will be seen that an atom of hydrogen and oxygen 
ha\ e been replaced by one atom of chlorine The fact that the 
two atoms arc remo\ed together might suggest some sort of 
union between them 

It is an interesting fact that if eilnl chloride is heated with 
water, especially if a b ase s uch as caus tic soda or po tash is p resent 
to remo\e the In drogen chlondc ~,~ctInT3ildiide can be re-con- 
\efted intothe alcohol 

C,H 6 C1 + H 2 0 = C,H c O + HC1 

We therefore have two opposite reactions 
Can the) both take place at the same time ? They proceed 
together, or, m other words, neither icaction is completed , for 
if w'ater is added to cth) 1 chloride, alcohol is formed, and as 
soon as the alcohol is formed some ethyl chloride is re-formed 
by the hydrochloric acid until a certain quantity of both is 
present, or they reach a state of equilibrium when we suppose 
that the opposing changes proceed at the same speed The\ 
process is called reversible, and the result a balanced action/ 
The balance or proportion of each depends upon \ ffnoUs'contlifidns 
and varies with the relative quantities at the beginning, and the 
temperature If we desire only one reaction to take place, we 
must remo\e one of the products, and that is why we add caustic 
soda if the second reaction is to continue If the first reaction 
is required, e. .add something winch,. \vilLremo\ cZwatfeiT; "suth" 
as 7inc chloride, ..which absorbs il_with_greataudity 
Re\ crsible reactions frequenth occur among organic compounds 
where the substances are in solution together and these reactions 
are denoted by reversed arrows m place of the sign of equality 
thus -9 

C,H 0 O + HC1 =r C.H.Cl + H,0 

Hydrogen bromide and iodide readily form ethyl bromide 
and iodide by merely' heating the alcohol w ith the strong aqueous 
acid , but the follow mg is a more com ement mode of preparation 
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E\pt g — Preparation of Ethyl bromide — len grams of red 
phospho rus and 70 c c of eth yl alcohol aie placed, i n a cjisEfllmg 
flask" attached to a condenser aiT 3 receiver I he lec eiver is con- 
nected v ith. a -soda -1 ime-tow er A tap-funnel containing 20 c c of 
bromine js fixed tlnough a cork in the neck of'thcTdistillmg-fiask 
The apparatus is show inn Fig 16 The flask is coo ledumvater 
a nd the br omine slowlj added^ The flask is then left for several 
Hours, and tKe^ontCTTt'rtlivfiUecl on the water-bath The soda- 
lime tower absorbs nnj' ftimes of livdrobromic acid which are 
evolved — 


The distillate consists of ethyl biomidc which is purified bv 



F ig 16 — Prepnr ttion of ethjl bromide 


shalo ng it w it h a little. A Pdium-carbonatc-Sohition m a tap_-funnel] 
to remoyeTofl i alc ohol _(w Inch jhssoh esj.n.the^water) and hydrojj 
bromic acid (winch combines .with the sodium.. carbonate) The 
lower, and therefoie heavier, insoluble layer is the etlijd bromide, 
which is withdrawn and separated from the water It still , 
con tains. a little w r ater, wluch-is removed by adding a few pieces of 
solid. calcium chloride (dehydrating agent), and then re-distflhne 
the liquids - — . 0 

Ethyl iodide is piepnred as above, using iodine in place of 
bromine Ethyl bromide boils at 38°-39° and ethyl iodide at 
72 

The action of the phosphorus and the halogen is -usualh 
explained by supposing that PBr s and PI, are formed and that 
they react with the alcohol thus 

3 c 2 H u O -j- PBi 3 = 3C a fIp3r -f H^POg 
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Alcohol also combines with other acids m addition to the halogen 
acids, such as nitric acid to form ethyl nitrate 

C 2 H c O + UNO, = C.H^Oj + H_,0 
with sulphuric acid to form ethyl hydrogen sulphate 
C,H,0 + II 2 S0 4 = CjH, HS0 4 + II 2 0 
and with acctu acid to form ethyl acetate 

C_H,0 + C»H 4 0, =C,H, C.ILO, + HO 

These co mpound s,, oi-a1cohol-~-w.ith ac ids or salts of the 

alcoftt>ls*are_ termed csia s 

En.pt 10 — Preparation of Potassium ethyl sulphate — Eight j c c 
of pure ethyl alcohol are .poured into a round flask (250 c c ) and 
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20 cc of concentrated sulpliupc acid are slowly added and jicll 
mi\ed_bj shaking A considerable amount of hea t is de veloped, in 
”lhe f lask is now fitted with a reflux conde n ser 
(“8 I 7 ) placed. upoa the. w ater^bath~aTid ~ h eated for 2—3 hours 
The product .contains, in ^d^ip^tpj’thjdJ^ogen'sulphate, 
ree sulphuric. acicTancTunchanged^alcohol The l iqui d on cooling 
PLP.£H. r ®d j[nto * °f cold water in a large basin and Nvell stirred 

rrismeatxahse^ 3 g_i aai«r Chalk g round into a tlnn paste with \ 
water This precipitate s the f ree sulphunc acid__as calcium ' 
suIphateangconvertniTe ethyjjiydrpgen sulphate mtoth^soluble 
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calcium sail llic mi\lure„is healed, and _fi 1teied Ihiougli a 
porcelain'funncl with a filter-pump (Fig 18), and the precipi- 
tate pressed well dow n and \\ ashed with a little water The clear 
.filtrate js. heated ou„the w ater-bath, and a solution of potassium 
carbonate (about 50 grains) is added in small q uantiti e s unti l .the 
liquid »is_ slightl y, alkal ine To ensuie complete precipitation a 
little of the cleai liquid should be tested with a solution of 
potassium carbonate before proceeding 
The calcium salt is thereby converted into the soluble potassium 
salt and calcium cai bonate is piecipitatcd 1 he latter is remo\ ed 



by filtration as before, and the filtrate evaporated to dryness on 
the water-bath 

The following are the reactions in\ olved 
J f 1 C,H (l O + H„S 0 4 = C„H fi H SO, + HP 

f ] tlijl lijdrogen sulphite 

l 2 2C,H, H SO, + CaC 0 3 = (C,H SO,) 2 Ca + 11,0 + CO., 

I Calcium ethj 1 sulphate 

\ 3 (C,H S 0 4 ) ,Ca + K 2 CO s = 2C 3 H r , K S 0 4 + CaCO, 

1 Potissmm ellijl -sulphate 

The substa nce obtained in this way is not pure, for it may 
contain BoETi potassium carbonate and possibly calcium sulphate, 
and must tlicreforejae recry stalhsed from methy lated spirit 

The following is the mo3e^Pproce3ure“wlien a \olatile or 
inflammable soh ent is used the substance is placed in a round 
flask attached to a reflux condenser and heated on the water- 
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bath The form of apparatus is that already described in Fig 

17 

Small quantities of spirit are added and kept boiling until 
a solution is obtained \ small quantity of impurity may remain 
undissolved The hot solution is at once decanted or filtered 
through a fluted filter (Fig 19) or porcelain funnel (Fig 13) and 
allowed to cool 

A fluted filter is made by first folding a large circular filter paper 
m the ordinary way It is then half opened out and the two 
quadrants folded towards the middle line (Fig 19 a) This 
makes three creases with the hollows on the same side The 
filter is now turned o\ er and each section folded down the centre 
so that the hollows of the four new creases alternate with the 
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ridges of the three others as shown at b The paper when opened 
now appears like c The two rectangular flu tings indicated 
b\ an asterisk ha\ e still to be divided by a crease down the middle 
The filter is now pushed well into the funnel, the stem of which 
is cut off short as shown at d 

When the filtered liquid has stood for some time, and is quite 
cold, the crystalline deposit is separated by filtration and washed 
with a little cold spirit. It is dried on a plate of unglazed earthen- 
ware or on a thin pad consisting of three or four sheets of filter 
paper, with another sheet over the crystals to keep out the dust 
On concentrating the mother liquors on the water-bath, a further 
quantity of crystals may be obtained 

The following reactions should be studied 

Evpt ii — Dissolve a little of the reciystallised salt m water 
and add barium chloride There is no precipitate, as the barium 

Cohen s Cl Bt Org Cheni D 
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salt of clh>] hydrogen sulp hate is solub le in watei but if the 
solution is” boilecffor'a' moment with a fciTTlrops of hydrochloric 
acid a precipitate of barium sulphate will be foinicd 

This is another example of a reversible reaction (p 29) The 
addition of h> drochlonc acid liberates the free ctlivl hydrogen 
sulphate, which is pirtli decomposed bi the waiter into ethyl 
alcohol and sulphuric acid 

Cjll.HSOj -f 11,0 = C,H 0 O + HjS 0 4 

That the action of sulphmic acid on alcohol is rcicrsible is 
further shown by the fact that, if equal molecular proportions 
of the two constituents are taken, an equilibrium condition is 
established m which both free alcohol and free sulphuric acid 
are present howecer long the mixture is heated 

C . 1 1 „( ) + H St). t . 1 1 ,, H SO, + 1 1 _Q ' 

lixi’T 12 — Preparation of Ethyl acetate {Acetic ester) — A dis- 
tilling flask ( l hti e) is attached to a condenser and receiver The 
flask is provided with a cork, through which a separating funnel 
is inserted as in Fig iO, p 30 J he mixt uic of 50 c c of concen- 
trated sulphuup_a,cul_and 50 c c ofa bsolute alcohol i s pour erT into 
the flashy which is then heated in .a bath of parafhn wax to 1 fO°, 
and ke pt_at.XhisJ:em pe ratnre Uic mixtu re of equal \ olum es of 
acetic acicl and_alcohol is now addcch .drgP b y dro p frointhe ±ap- 
funnekat the speed atwluch jthej iquid distils as in llie'pf epar ation 
of ether (p 39) When all the mixture has been added, the. distjl- 
late^wJncl i contains the ester, and als o acetic acid , alcohol, ether 
oiid sulphurous acid is shaken in_ ^separating funnel wjtlLa.strong 
solutioruof .sodurnf carbonate (50 c c ) untilThe upper layer of ethyl 
acetate ceases. tojreddfin.. blue litmu s 1 hejowrer layer is remo\ ed 
as completely as possible, and aja frong solution uqf [calcium chloride 
(50 grams m 50 cc of water) added, and jthe sh akin g repeated \ 
Ihe lowei layer of,calcium_cliloriqe^is riiiTplT, and the ethyl acetate I 
carefully decanted from the mouth of the .funnel into a dry distil- 
ling flask A few pieces of solid calcium chloride arc added and, 
after-standing over night the ethyl acetate i s distilled from the 
water-bath, with a thermometer in the neck of the flask The 
portion distilling belo w' 74° contains ether , that boiling at 74^9° 
is mamly ethyl acetate and is separately collected — - 
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Ethyl acetate is a colourless liquid which like most of the 
esters (/ 1 the compounds of alcohols and organic acids) lias 
a plea sant. -fn.nl x - smell _ It is specifically lighter than, water 
and slightly soluble in, , though not miscible with, water If 
ethyl acetate is allowed to stand m contact with water, the 
water will after a time have a distinctly acid reaction The 
acetate has been decomposed into alcohol and acetic acid — 
another example of rev crsibilitx 

C H„0 -f C,H 4 0_ — C,II C 2 H 3 Oj + H.O 

( Reversible or balanced actions — In the sc\cral examples^* 
of balanced actions pre\ louslv described we line seen that if one, 
of the products of the reaction is rcmo\cd, the equilibrium is 
disturbed fresh quantities of the new substances are formed, 
and the reaction max ultima tch reach completion 
J n the case of ethyl a< ctatc the addition of sulphuric acid 
is required, to remove_the water If the reverse process is the 
object m view it is hastened by the removal of the acid, that 
is by the addition of an alkali 

Thus, if we wish to hreak up ethyl acetate into acetjc acid 
and alcohol, we boil it with a strong solution _of 'caustic potash 
or soda 

C 2 H C ,H-0, + H,0 [+ KOH] = C,H fi O + C,H,0, [+ KOH) ' 

v. 

This process is called .h ydrol ysis, and may be defined as a 
chemmal, change- which- is brought about by the addition of 
the elements of w ater 1 he particular kind of by droly sis w hereby 
an estej^js decqmposedan toll ts. cons tituents is" so metimes term ed 
saponification, as it is the essential process m soap making (p jig) 

Expt 13 — Hydrolysis of Ethyl acetate — Heat 20 grains of 
ethyl acetate with three times its volume of aqueous potash solu- 
tion of about 30 per cent strength The mixture is placed in a 
distilling flask, attached by r the neck to an inverted condenser, 
and boiled ox er wire gauze \ piece of porous pot is placed m the 
flask to prev ent bumping, and the side-tube of the distilling flask 
is temporarily closed with a stopper When the layer of ethyl 
acetate has dissolved (the potassium acetate and ethyl alcohol 
being both soluble m vater), the condenser is attached to the side- 
tube of the distilling flask and the liquid distilled The alcohol 
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which passes over may be separated from the v ater by the addition 
of p otassi u m carbon ate, the latter causes the alcohol to float on 
the suriace, -ahffffiSy then be withdraw n The acetic acid remains 
in the distilling flask as the potassium salt The alkali is care- ' 
fully neutralised with _sulphunc acid and the liquid evapo ra ted to. 
dryness The dry' residifiFis then distilled with strong sulphuric 
acid, when pure acetic acid passes over The reaction is expressed 
by the following equation — 

C 2 H 0 C 2 H 3 0 2 + KOH = C 2 H s O + C s H 3 0 2 K "\ 

fcth\ 1 acetate Alcohol Potassium acetate 
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QUESTIONS ON CHAPTER II 


1 Describe the behaviour of ethyl alcohol with sodium, phos- 
phorus chloride, hydrogen chloride and sulphuric acid Point out 
any analogous reactions occurring between these reagents and 
water or caustic soda 


2 Give examples of the action of acids on ethyl alcohol 
Explain why these reactions are usually incomplete 

3 What is meant by a reversible reaction 7 Why is sulphuric 
acid added to ethyl alcohol and acetic acid to form ethyl acetate, 
and caustic potash added to the latter to decompose it into its 
original constituents 7 

4 Describe a method for preparing ethyl iodide How would 
you ascertain its molecular formula 7 

•*' 5 Describe the preparation of pure ethyl acetate How would 
you obtain from it specimens of ethyl alcohol and acetic acid 7 
What w eight of each is theoretically obtainable from 20 grams of 
ethyl acetate 7 

6 Calculate the theoretical weight of bromine and hydrochloric 
acid, respectively required to convert 10 grams of ethyl alcohol 
into ethyl bromide and ethyl chloride , also the theoretical weights 
of the t\\ o products 




CHAPTER III 


THE STRUCTURE OF ETHYL ALCOHOL AND ETHYL ETHER 


We are now in a position to learn something about the structure 
of eth)l alcohol If we consider the reactions just described 
we see that m one set the alcohol behai es like water and in 
another like a metallic h)dro\idc We may tabulate them as 
follows 


Water 

2 H 2 0 +Na„= 2 H 0 Na+H 2 

HoO+PCf s — 

HCI+HCI+POCI 3 

3H 2 0+PBr 3 =3HBr-}-H 3 P0 3 


Fthy l alcohol 

2 C 2 H 6 0 +Na 2 = 2 C 2 H 5 0 Na+H 2 

c 2 h 8 o+pci 5 = 

c 2 h 5 ci+hci+poci 3 

3 C 2 H 6 0 +PBr 3 =: 

3 C 2 H 5 Bi+H,P0 3 


In these reactions ethyl, C 2 H 5 , plays the part of an atom of 
hydrogen Ethyl alcohol offers a further analogy with water 
m forming alcohol of crystallisation with calcium chloride of 
the formula CaCl 2 4- 4 C 2 H 6 0 

The, correspondence subsisting between the alcohols and the 
caustic alkalis is best observed in their behaviour with acids 


Caustic soda I Ethj l alcohol 

NaOH+HCl=NaCl+H n O . - C„H 6 0+HC1=C 2 H 5 C1+H.0 
Na0H+HN0 3 =NaN0 3 +H„0 i C 2 H 6 0+HN0 3 = 
Na0H+H 2 S0 4 = “ C 2 H 5 N0 3 +H„0 

NaHS0 4 +H 2 0 . C 2 H 6 0-j-H 2 S0 4 = 
Na0H+C 2 H 4 0 2 = C 2 H 5 H S0 4 +H 2 0 

NaC 2 H 3 0 2 +H 2 0 I C„H 6 0+C 2 H 4 0 2 = 

I ' C 2 H 5 C 2 H s 0 2 +H 2 0 

Here the ethyl group plays the part of sodium, and the com- 
pounds formed from the alcohol may be regarded as salts of 
ethyl We may then build up the formula for ethyl alcohol 
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on the basis of that for water or caustic soda In other words, 
ctlvsl alcohol contains a hydroxyl (OH) group 

, H— O— H Na— O— H C 2 II 5 — O — H 

1 his hydroxyl group is characterised by the fact that by 
the action of phosphorus chloride it can be replaced bj chlorine, 
and by the further fact that the hydrogen of the group can be 
removed by metallic sodium 

The group C 2 H., which preserves its integrity throughout 
the above series of compounds, is termed the alcohol radical, 
a radical being a group of elements which beliase like a single 
atom, in this case hvdrogcn and sodium Moreoscr, as it plays 
the part of an atom of a univalent 1 element, it is called a unn alcnt 
ladical There arc many such univalent alcohol radicals, and 
they have received the general name of alkyl group or radical 
\s caustic soda is also termed sodium hy droxide, so cthy 1 alcohol 
may be called ethyl hydroxide 

Before we can ascertain the arrangement of the atoms in the 
radical itself, we shall ha\ c to learn a number of new facts 
Supposing ethvl alcohol corresponds in structure with sodium 
hydroxide we may ask Is there a compound which corresponds 
with sodium oxide, Na s O, and sodium peroxide, Na 2 0 2 ? The 
former, or diethyl oxide, (C 2 H,) 2 0 , is known and is the familiar 
anaesthetic, ether , but the peroxide has not y ct been obtained, 
though there is no apparent reason for its non-existence 

Ether — Suppose we utilise the strong affinity which we know 
to exist between sodium on the one hand and iodine (also 
chlorine or bromine) on the other, and examine what happens 
when sodium ethoxide is brought into contact with ethyl iodide 
A vigorous action”6cuirs* and a white”saltT (sodium - iodide) is 
precipitated The product is ethyl ether 

C 2 H B ONa + C,H 0 I = (C 2 H E ) 2 0 + Nal 

Expt 14 — Dissolve 3 grams of sodium 111 40 c c of pure alcohol 
contained m a flask attached to a reflux condenser When the 
sodium has dissolved, add 15 grams of ethyl iodide and heat the 
mixture on the w ater-bath In a few minutes a deposit of sodium 
iodide will be foimed, and if the contents of the flask be distilled 

1 II is assumed that the significance of the icim valency is uudeistood 
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^Xxon a water-bath ether and alcohol will tolled in the rccener, 

\ from which the ether m?\ be separated b\ the addition of a 
j -aturated solution of common salt The upper la\er is then ( 
( remo\ed and deh\ draTecl - o\ er ~sohd calcium chloride then ) 
decanted and a few pieces of metallic sodiu m added 

It was bv this method that V illiamson— m 1S51 was enabled 
to show that ether was dietivsl o\ide But the common method 
for preparing the substance is much simpler 
The discoxcn of ether is attributed to Valerius Cordus m 
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| strong sulphuric acid Boulhc earh m the last 1 enturi found 
that the residue left in thc_retort after removing the ether, was 
able to fumi=h a fresh supph b\ the addition of more alcohol 
This discoien originated the modern method of manufacture, 
pi Inch is known as the continuous ether process 

J 3 \pt 15 — Preparation of Ether — Tit up an apparatus like 
that m Tig 20 It consists of a distilling flask (t litres furnished 
with a tap funnel and thermometer, the bulb of which is immersed 
in the liquid in the flask The liquid consists of a mixture of 
S ° C C . °! concentrated sulphuric acid and iro c c of absolute 
alcohol The flask is heated on a sand-tra\ and kept~at a tempera- 
ture of I40 c -i45°, whilst fresh alcohol is allowed to drop slowh m 
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from the tap-funnel Ether and water collect in the receiver, 
w Inch is cooled in ice or cold water The distillate is purified bv 
shaking it with_a little dilute caustic soda to remove sulphurous 
acid, which is derived from a slight decomposition of the sulphuric 
acid The caustic soda is drawn off, and a little strong solution of 
common salt added to dissolve" out any alcohol which may be 
present^ ' The salt "solution" isTemOVedr'and the" ether first. dehy- 
drated over solid calcium Jihlohde and finally over metallic 
sodium,~as described in EvpT 9, p 30 ' ~~ ~ 

A small quantity of sulphuric acid can com ert a \er) large 
amount of alcohol into ether The explanation of this curious 
reaction was at one period a subject of much controversy The 
action of the sulphuric acid as a dehydrating agent, which was one 
of the first and most obvious suggestions, was not long entertained, 
seeing that both water and ether distil simultaneously — 

2 C 2 H b 0 = C 4 H 10 O + HjjO 1 

LthjI alcohol I thcr t 

and it seemed highly improbable that the aud could remore 
water from the alcohol and part with it at the same temperature 

The following explanation was the one suggested by William son, 
and is now commonly accepted 

The first action of sulphuric acid on alcohol is to form cthjl 
hvdrogen sulphate and water When fresh alcohol acts upon 
the sulphate at 140°, eth)l ether is formed and sulphuric acid 
is regenerated The sulphuric acid, liberated in the second 
stage of the process, is capable of transforming fresh alcohol 
into ether The sulphuric acid should thus be able tp convert 
an mfimtel) large quantity of alcohol into ether In practice 
this result is ne\ er attained, as some of the acid is decomposed 
by carbonaceous by-products of the reaction The equations 
representing the reaction are as follow's — 

x C 2 H S OH +H s S 0 4 =C s H 8 HS 0 4 + H 2 0 

_ Ethjl hjdrogcn 

sulphate ^ 

2 C.H S HS 0 4 + C 2 H s OH = C»H S O C„H S + H 2 S 0 4 

1 — Dielhjl elher 

; Properties or Ethyl ether — Ethvl ether is a verj, aolatile 
and exccc dingl) inflammable liquid It should tliercfwTbST^t 
awa\ from a flame I ts vapour is very heavy jand forms, with 
am, an c\plosi\ e mixtu re It solidifies at- 11 7 6° ~ 
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Expt 16 — The density of elhei vapour can be readily demoli- 
sh ated bv slight!} tilting a beaker containing a little warm ether 
so that the \apoui descends an inclined trough of caidboard At 
the low er end a lighted burnei is placed, and the vapour on reaching 
the burnei is ignited, and the flame travels up the tiougli 

Ether „whcn jnhaled ^produces unconsciousness and was 
introduced by Morton as an anaesthetic m 1846 It is also em- 
ploy ed in the form of a spray , for producing local insensibility 
1 h e rapid e\ anorati on-oLcther_ nroduccs a Io\y _lem pcrat urc, and 
this property is em ployed for refrigerating purp oses 

Expt 17 — Poui a little ether into a bcakci, and place it on a 
narrow board moistened with watei Blow a cm lent of air 
through the ether by means of bellows for a few minutes Hoai 
frost will foim on tlic outside of the beaker, and the watei below 
the btaket will frce/c and fix it firmly' to the board 

Ether j xJ.irge h used as a sohcnl for resins fats oils, and 
alkaloids It is frequently employee) - m the laboratory for 
extracting oils from water, especially when the oil is disseminated 
through the water in fine particles M lien ether is shaken up 
with such a liquid, it dissohes the oily globules and unites them 
m a layer on the surface of the liquid I Ins layer is easily' ^ 
separated from the water by a tap^TTfimcI, and when the (thcr* 
has been distilled off, the oil remains f 

I hat ethyl ether contains no rcpla< cable hydiogen like alcohol* 
is shown by the fact that w-hen freed from alcohol and water t 
it has no a ction on sodium^ lhat it contains no hydrox^ giouj/ 
is further demonstrated ’In' the absence of any action on phos l 
phorusjpentadijoride 

Expt 18 — Add to a test-tube containing a small quantity of 
carefully purified ether a fragment of metallic sodium There is 
little or no effervescence The small amount of effervescence Is 
usually due to absorption of moisture from the air To a second 
test-tube add m the same way a few small pieces of phosphorus 
'•\P?ntacliloricle Here again tlicie is no action 

Molecular formula of Ethyl ether —That the molecular 
formula for ethyl ether is CJI, 0 O is readily determined by 
Victor Meyer’s air displacement method already referred 
to (p 16) 
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E\pi 19 — Vapour density of Ether — The method consists 111 
lapidly vaporising a known weight of a substance at a constant 
temperature at least 4O°-5o 0 above its boiling-point, in a special 
form of apparatus which admits of the displaced air being collected 

and measured The \ olume 



Frc 2i — The Victor Mejer \*ipour density 
apparatus 


occupied by a given weight 
of the substance under 
known conditions is thus 
ascertained, and from these 
data the density is calcu- 
lated The following appara- 
tus is required — 

A Victor Meyer apparatus, 
as shown in Fig 21, con- 
sists of an elongated glass 
bulb with a narrow stem, _ 
and a capillary side-tube 
It is provided with a well- 
fitting rubber cork, which 
can be pressed easily and 
tightly into the open end of 
the stem The apparatus 
is clamped within an outer 
jacket of tin plate or copper, 
which holds the boiling 
liquid required to produce 
a constant temperature 
It is represented as trans- 
parent in Fig 21 

Hofmann bottle — The sub- 
stance, if liquid, is intro- 
duced into a small stoppered 
glass bottle know r n as a 


Hofmann bottle (Fig 22) The dry bottle with the stopper r« 
is carefully weighed and then filled with liquid through a fc 
tube drawn out into a wide capillar)' The stopper is j j 
inserted and the bottle reweighed It should hold about j! 
o 1 grim of substance The following apparatus is 
required a nanoiv gtadualed tube holding 50 c c and nr 
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dmded mto tenths of a cc , a laigc ci vstalhsing dish which 
sen es as a gas trough , a long and wide cylmdet m w'hich the 
graduated tube can be submerged m water, a Bunsen burner 
with chimney 

The apparatus is set up as shown m Fig 21 The Victor Meyer 
apparatus is thoroughly dned by blowing air through by means of 
a long glass tube which reaches to the bottom of the bulb A 
small quantity of clean dry sand pre\ lousty heated in a crucible, 
or a pad of asbestos is placed at the bottom of the bulb, to break 
the fall of the Hofmann bottle when it is dropped m The bulb 
of the outer jacket is filled tw o-thirds full of w ater and the displace- 
ment apparatus is clamped within it, so that it nearly touches the 
liquid The apparatus and jacket must be adjusted at such a 
height that the capillary side hmb dips under the water contained 
m the crystallising dish placed on the bench The graduated 
tube is filled with water and inverted under the water m the 
crystallising dish and clamped there until required The burner, 
protected from draughts by the chimney, is hghted under the outer 
jacket and the displacement apparatus left open at the top To 
avoid inconvenience arising from the steam, a split cork, into w hich 
a bent glass tube is inserted, is pushed loosely into the open end 
of the jacket 

Whilst the water is boiling steadily and not too violently the 
substance is w eighed in the Hofmann bottle Before introducing 
the bottle and liquid the apparatus must be tested to ascertain if 
the temperature 'is constant As a rule ] hour’s boding suffices 
Push m the rubber cork and note if within the next minute or two 
any bubbles escape If not, slip the graduated tube over the end 
of the side tube, and carefully remove the rubber cork so that no 
water enters the stem through the capillary Remove the stopper 
of the Hofmann bottle before dropping it in, and at once push m 
the cork Very 1 ’ shortly' a stream of air bubbles will ascend the 
graduated tube When, m the course of a minute or two, the 
bubbles cease, remove the cork from the apparatus and extinguish 
the burner The graduated tube is transferred to the large 
cyhnder of w'ater by closing the open end with the thumb Leave 
the tube m the water with the thermometer beside it for £ hour 
Lift the graduated tube and whilst holding it by a collar of paper 
adjust the levels inside and out Read off the rolume and note 
the temperature and barometric pressure 

1 The density is calculated as follows — 

If v is the \ olumc, l the temperature B the barometric pressure, 
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and / the vapour tension of water at /°, then the corrected volume 
is given by the formula 

<> x (2? — f) y 273 1 
7 £ o_x (2 73 + t)J 

This multiplied by o 00009, the weight of 1 c c of hydrogen at 0° 
and 760 mm , gives the weight of hydrogen occupying the same 
volume as the vaporised substance, from which the density 
IF. 

A = — is obtained 


Example — The following lesult was obtained with ether 
o 1146 gram of ether gave 36 3 c c at ii° and 752 mm f= 10 mm 
at ii° 

36 3 x (752 - xo) x 273 x 0 000 09 = Q 6 
760 x 284 
o 1146 _ 
o 00306 

Calculated for C 4 H 10 O A = 37 


If substances of higher boilmg-pomt have to be vaporised, 
the water in the outer jacket is replaced by other liquids of 
correspondingly higher boiling-point 

The action of the metals and their compounds on 
Ethyl iodide (bromide or chloride) —We have studied two 
examples of these reactions, that of sodium hydroxide and 
sodium ethoxidc on ethjl iodide (or chloride) — 


CjHgl + NaOH = C 2 H 5 OH + Nal 
C 2 H 5 I + NaOC.Hg = (C 2 H 0 ) 2 O + Nal 

There are many other reactions of the same kind which are 
of the greatest importance As they cannot be conveniently 
carried out m the laboratory without a considerable expenditure 
of time, the following equations should be carefully studied — 

1 C 2 H B I + KSH = C s H 5 SH + KI 

Ethyl rnercapt-tn 

2 C 2 H s I + K 2 S = (C 2 H s ) 2 S + 2KI 

Ethyl sulphide ' 


3 

4 

5 

6 


C 2 H 6 I + KCN = C 2 H s CN + KI 

Ethyl cyanide 

C 2 H 5 I + NH 3 = C 2 H 5 NH s + HI 

Ammoni'u Ethyl amine 

2C 2 H s I + Ag 2 S0 4 = (C 2 H 6 ) 2 S0 4 + 2 Agl 

SiUer sulphate Diethyl sulphate 

C 2 H s I + C 2 H 3 O s Ag == C 2 H s C 2 H 3 0 0 + Agl 

Silver acetate Ethyl acetate ' 



hi STRUCTURE Of ETHYL ALCOHOL AND ETHYL ETHER 45 


Supposing the halogen atom is completely removed by metallic 
sodium or other metal, then the radical, which cannot exist m the 
free state, joins itself to a second one, and a compound containing 
only carbon and hydrogen, or hydrocarbon, called butane, is 
formed, which belongs to the important class of paraffins (p 8r) 


7 2C 2 H 5 I + aNa = C 4 H 10 - 4 - 2NaI 

Ullllrie. — — 

Finally, supposing the iodine to be replaced by hydrogen, then 
another hydrocarbon, C 2 H c , or ethane, which is a gas, is produced 
This also belongs to the same group of paraffins 


H 


( 8 C.H b I + H, = C a H 6 + HI 

20 — Preparation of Ethane — Take a wide test-tube, 
-furnish lt'ultli a well-fitting cork holding a tap-funnel and delivery 
tube Remove the cork and introduce 5 grams of zinc dust , 1 
pour on 15 c c of a saturated solution -of copper sulphate, stir well 
with a glass rod to prevent the particles caking together, and cool 
in cold water Copper v ill be at once deposited on the zinc Let 
the solid settle for a minute, decant the solution as far as possible, 
and pom on 10 c c of alcohol, shake well and decant, and repeat 
the process Finally, pour on a further 5 c c of alcohol Insert 
the cork with tap-funnel and delivery tube so that the latter dips 
under water, and drop m slowly from the tap-funnel $cc of ethyl 
iodide, shaking occasionally or warming gently until bubbles of 
gas begin to be evolved Collect the gas m a test-tube over water 
This is ethane, and when ignited burns with a non-lumino us fla me 

The hydrogen is supplied by the ethyl alcohol, and the reaction 
occurs according to the equation 

f CaH51 + Zn + C - H ^OH = Zn \pC 2 H B + C 2 H e 

s 

T he co pper -forms an electrolytic couple with, the zinc andl 
accelerates the action 


QUESTIONS ON CHAPTER III 

1 Why is the group C 2 H 5 termed a compound 1 adical ? 

2 How is ethyl iodide prepared ? How does it react xuth 
(1) potassium hydroxide, (2) ammonia, (3) sodium ? 
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, 3 What paraffins can be prepared from ethyl iodide 5 Describe 

\ the reactions 

^ 4 Ethyl ether may be described as diethyl oude Give your 
reasons for this statement 

5 Describe the preparation and purification of diethyl ether by 
the continuous process 

t 6 Discuss fully lion the structure of ethyl ether has been 
1 ascertained 

7 What is meant by the hydtoxyl gioitp 5 Give your reasons 
for the statement that ethj 1 alcohol contains this group 


s 
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CHAPTER IV 


, TIIF d\ID \TI01s Or ETHM AI COIIOL 

Acetaldehyde — Etln 1 alcohol readily undergoes oxidation 
If a red hotTspiral of platinum is suspended near the surface of 
warm alcohol, the wire continues to glow and an acrid smell is 
soon apparent Hus is the oxidation product, known as 
acetaldehyde 

C 2 H c O + O =,C 2 H 4 0 + 1 1,0 

A ext ildclij ile 

Oxidation takes place b} means of the oxygen of the air, u Inch 
is occluded or absorbed, b) the platinum, and is then in a much 
more acti\ c condition than free oxygen 

Expt 21 — Make a spiral of platinum wnc by w iappmg it round 
a glass rod, and leave one long end Attach the long end to a short 
glass rod, which serves to suspend the spual 
horizontally within a small bcakei Pour m 
etlijl alcohol until the surface of the liquid 
rises to about one-eighth of an inch from the 
spiral Gently warm the alcohol Remove 
the spiral, heat it red-hot, and replace it 
quickly It will continue to glow', e\ olvmg 
acetaldehyde The arrangement of the 
apparatus is shown in Fig 23 

Alcohol maj also be oxidised by oxidising 
agents m solution 

Expt 22 — Warm a solution of sodium diclnomate, acidified \) 
with dilute sulphuric acid, with a few drops of alcohol The 
solution soon becomes green from the reduction of the dichromate 
to chromic sulphate, and, at the same time, the peculiarly pene- 
trating smell of acetaldehyde is evolved The same result is 

*7 
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obtained with potassium permanganate solution The pumanga- 
natc is reduced to the brown peroxide of manganese on warming 
w ith the alcohol ind acetaldehyde is formed 


}CJI f O + Na Cr O- + |ILSO, = 

3C.H ,0 + Cr„(S 0 4 ), + Na»S 0 4 -f 7H.O 
3 C 2 11 c O + 2KMnO, = ‘sCdI 4 0 + MnO; 2KOH + 3H.O 

I he abo\ c experiment m i> be carried out on a larger srale 


Expt 23 — Preparation of Acetaldehyde — A round flask 
1 \ litre) is pro\ ided w ith a w ell-fitting double bored cork A bent 


lir -4 



Lube, which passes through one hole, connects the flash with a 
condenser and receiver A tap-funnel is inserted through the 
other hole, as m Fig 16, p 30 T he flask is placed upon a sand- 
bath, and the receiver is cooled 111 ice It is important that all the 
coilcs should be tight as a small leak will considerably dimmish 
the yield One hundred grams of sodium dichromate m sniill 
pieces and 400 c c of w ater are placed m the flask and gently 
warmed The flame is then removed, and a mixture of 125 c c 
absolute alcohol and 75 c c concentrated sulphuric acid which 
\ may be used warm is slowly added from the tap-funnel The flask 
is occasionally shaken A considerable rise of temperature occurs 
land the liquid darkens, whilst aldehyde, with a little water and 
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alcohol, distils \\ hen the mixture lias all been added, the flask 
is heated on the sand-bath until all the aldehyde has distilled 
(about 150 c c ) This maj be determined by remo\ mg the cork 
from the flask and noticing if the smell of aid eh} de is still per- 
ceptible 

Purification of Acetaldehyde — To separate the aldehyde, it is 
comerted with ammonia into the solid crystalline compound 
known as aldehyde-ammonia, which' is" inso lubIe _m ether The 
distillate is first purified by rechstillation on the water-bath m the 
apparatus show n in Fig 24 

* The flask is attached to an upnght condenser in which the water 
is kept at a temperature of 30 c ~35° Alcohol and aqueous \ apour 
condense m the condenser , • the aldchy de, on the other hand, 
passes by a tube attached to a 100 c c pipette into two narrow 
(100 c c ) cy lmder s one-tlurd filled w ith the dry ether, and cooled 
m lcfcwater 1 he aldchy de readily dissoh es in the ether and is 
rapidly absorbed If the ethereal solution is now saturated with 
dr\ ammonia gas, the whole of the aldehyde separates Out in Hie 
form of colourless cry stals of nlde hy de -ammonia, J c » ' 

C 2 H 4 0 t XH 3 = C»H 1 0 NHj ' C. - - - I 

\ldehj de ammonia 


The apparatus for preparing the dry' ammonia is shown in Fig 25 
The flask containing strong ammonia solution is heated by a small 
flame, when the gas is readily' e\ oh ed 
and passes up the tower, which is 
filled with soda-lime or quicklime 
The ethereal solution is saturated with 
the gas, and is then allowed to stand 
for an hour 

The ether is then decanted from the 
crystals, which are drained at the 
hlfer-pump, washed with a little ether, 
and finally dried in the air on filter- 
paper The \ leld of aldehy’de-ammoma 
1*5 25-30 grams It may be used for 
the reactions described below 
^Pure aldehy de may be prepared from the aldehyde-ammonia as 
follows The crystals are dissoh ed in an equal weight of water, 
and distilled on the water-bath with a mixture of 1^ parts oTcon- 
centrated sulphuric acid and 2 parts of water, the receiser being 
w ell cooled m ice The temperature of the w ater-bath is gradually- 
raised until the water begins to boil, and the distillation is then 
interrupted The distillate is dehydrated o\er an equal bulk of 

Cohen «; Cl Ek Org Chem — 
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calcium chloride, from uliich it is distilled in the water- bath, 
hea ted to 30° The anhydrous aldehyde is kept m a w ell-stoppered 

V ' bottle 

2 C 2 H 4 0 NH 3 + H,S 0 4 = CoHjO + (NH 4 ) 2 S 0 4 

v — - — . V 

Properties of Acetaldehyde — Acetaldeln de is ^colourless 
iquid, boiling at 21 0 It is s oluble in water and has a specific 
gravity of o 807 at o° It posses ses a strong reducing actio n 

When an alkaline solution of a "copper salt, such as Fehlmg’s 
•olution, is warmed with an aldehyde, th e cupric o\ide. which js 
present m solution is r.ed jnc& Lto cuprous oxide , and acetic acid 
is formed at the same time — 

2C11O -j- C 2 H 4 0 — CiioO -j- c 2 h 4 o 2 

Expt 24 — Add a few' drops of acetaldehyde to Fehling’s 
solution and boil A red precipitate of cuprous oxide is formed 
Feliling §, solution for qualitative tests is prepared by dissolving 
3 to 4 grams of copper sulphate together with 5 to 6 grams of 
Rochelle salt m <50 c c of w'ate r This is mixed, when required for 
iISETWifli about an equal volume of caustic soda solution of 10 per 
cent strength, when a clear blue solution results The Rochelle' 
salt serves to keep the cupnc oxide in solution when alkali is added^ 

A similar reaction occurs with an amm o mcal solution of sih e r 
nitrate. This solution mav be regarded as containing dissohed 
silver oxide When a few' drops of aldehyde are added to it and 
the liquid warmed, a metallic mirror of siher is deposited and 
acetic acid is formed — 

AglO + C,H 4 0 = Ag + C,H 4 0 2 

Expt 25 — Add a few' drops of acetaldehyde to half a test-tube 
of ammonia-silver nitrate solution, and place it in hot w ater In a 
few minutes a mirror w ill cover the sides of the test-tube The 
siher solution is prepared by adding dilute ammonia to silver 
nitrate until the precipitate of silveroxide just dissolves 

Acet aldeln dc co mb ines wit h a molecule of sodium bisulphite 
forming a cry st alline compound, C 2 II 4 0 , NaHSO g 

A further reaction for aldehjde is knowiTas Schiff’s test If a 
little aldehyde is added to magenta solution, which has been 
rendered nearl\ colourless with sulphur dioxide, a uolct colour 
is produced 
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Expt 26 — Make a dilute solution of magenta (fuchsme or 
losanilme hydrochloride) in watei, and bubble sulphur dioxide 
through it until the colour disappears Add to the solution a 
feu drops of aldehyde, and observe the \ lolel coloration 

Acetaldelnde combines with In droxvlamme, _NH 8 OH, and 
also w ith 'phein lhvdnmhe , C^TTjJNITNlI., and othei compounds 
containing the group NIL The "former is cilled acetaldoxime 
and the latter acetaldehyde-phenylhydrazone 

* C.H4O + HnN OH = C,H 4 NOH + H.O 

„ ' ** \cenIdo\ime 

c 2 h 4 o + h.n nh c b h s = c.h 4 n nhc 0 h 5 + H .0 

\ceutdehjik phcnjlUjdruone 

Expt 27 — Add to a little plicnvlhydrazme rather more than an 
equal \olume of glacial acetic acid and dilute the solution with two 
to three volumes of w ater Add a little aldehyde A turbid liquid 
results, which is due to the foimation of the phenyl hydra zone, an 
oily liquid insoluble m watei It may be extracted w’lth ether by 
shaking and separating the ether w’lth a tap-funnel When the 
etliei evaporates, aldehyde-plicnylhydrayone remains 

.. Caustic alkalis differ f rom ammonia in their effect upon alde- 
hydes 'The lower members of tfie series" are transformed by'the 
caustic alkalis into brown, resinous bodies of unknown constitution 

Expt 28 — Bojl a little acetaldehyde with caustic potash solu- 
tion The hqiud soon becomes yellow’, and eventually deposits a 
brow n, resinous substance know n as aldehydexesm 

Aldeln de combines with alcohol m presence of solid calcium 
chloride to form a liquid termed acetal which boils at 104° 

C,H 4 0 + 2C 2 Ii 0 O = C 2 H 4 (OC 2 H 5 ). + H.O ^ 

Acela! 

With concentrated sulphuric acid, aldehy de isconverted-uito. 
paraldehyde, a liquid which boils at ln 

water It has the formula (C 2 H 4 0 ) 3 , or three times the molecular 
weight of acetaldehyde 

Expt 29 Add a drop or two of concentrated sulphuric acid 
to a few c c of acetaldehyde The mixture boils up suddenly, 
and on adding w ater the paraldehyde separates as an oil 
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We may add to the above the fact that if phosphorus penta- 
chlondc is added to pure acetaldehyde cooled in ice, the penta- 
chloride rapidly dissolves without the evolution of hydrogen 
chloride, and ethyhdene chloride is formed 

C 2 H,0 + PC1 S = C 2 H„C1„ 4- POCl 3 

rihjlitlene chloride 

Additive compounds — If hydrogen cyanide is added to 
acetaldehyde the compound, C 2 H 4 0 IICN, known as acetalde- 
hyde-cyanhydrin is formed 

C 2 H 4 0 + HCN = CH 4 0 HCN 

Altlehj de c> inhj dnn 

Such a compound is called an additive or addition compound 
Aldehyde-sodium bisulphite and aldehyde-ammonia are also 
examples of additive compounds (pp 49 50) 

^ 1 -Structure of Acetaldehyde — We are now in a position to 
^ ascertain something about the structure of acetaldehyde If we 
look through the above series of reactions we shall see that the 
oxygen atom is differently combined from that m ethyl alcohol, 
since it possesses totally different properties By the action of 
phosphorus pentachloridc it is replaceable by two atoms of 
chlorine, whereas in alcohol both hydrogen and oxygen were 
removed together, and replaced by one atom of chlorine, hydrogen , 
chloride being evolved (p 28) Then again the oxy gen is removed 
in the form of water, by union with alcohol (p 51) and phenylhy- 
drazine (Expt 27) Furthermore, the aldehyde forms a series 
of additne compounds with ammonia, sodium bisulphite and 
hydrogen cyanide 

The behaviour of the compound finds a ready explanation on 
the supposition that the oxygen atom is unsaturated, which implies 
first, that it is loosely attached, and, secondly, that it saturates 
itself b\ forming additi\e compounds For the present we will 
indicate the attachment by the formula, C 2 H 4 0 We cannot 
penetrate beyond this point until wc Know something more about 
the arrangement of the carbon and hydrogen atoms in the re- 
mainder of the molecule 

. The additive compounds arc usually represented by formula; 
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on the assumption that the oxjgen being a negative element 
seizes on the electropositive hydrogen thus — 


.OH 

C„H 4 < 

\nh 0 


Aldehyde-ammonia 


Aldehyde-sodium bisulphite 

.OH 

C„H 4 < Aldehyde-cyanhydnn | , 

‘ X CN * 4 

Isomerism, polymerisation, and condensatio n — In 
Expt 29 of the foregoing series it was pointed out that two 
different substances having the same formula were obtained by 
the action of concentrated sulphuric acid at different temperatures 
on acetaldehyde — the one a liquid, paraldehyde, and the other a 
solid, metaldeh} de This is a case of isomerism, that is to say, of 
the existence of two distinct individuals having the same molecular 
weight but possessing different properties The difference is 
undoubtedly due -to a different arrangement of their atoms 
Another point of interest is their method of formation No 
elements are removed from the aldehyde in the process, but m 
each case the molecular weight is trebled /Bjojth w compounds, 
mav be recnm ert.ed by distillation with dilute sul- 
phuric and into th e original acetaldehyde The phenomenon is 
termed polymerisation, and may be defined as a change produced 
b) the union of the molecules' of a compound to form a new 
substance having a multiple of the original molecular weight, 
and which may be_e asil.\_ co m cited into the origin al substance 
^Acetaldehyde, when allowed to remain for some time in contact 
gw'ith h)drochlonc acid 01 a solution of potassium carbonate, 
^undergoes a change of a somewhat similar character, inasmuch 
ms the product called aldol has the double molecular weight 


/OH 

C a H 4 < 

\SO,N; 


2C,H 4 0 = C 4 H 8 0 2 

Aldol 


but the substance cannot be resolved by any simple reaction 
into its original constituents The union of the two mole cules 
lg^L much firmer one, and he nce this process is distinguished from 
the f miner b\ the term condensation" When 'ncTme’ a fullei 
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knowledge of the structure of acctaldcln dc we shall be able to* 
offer an explanation of the difference between the structure of 
the poh meriscd and condensed products I* or the present it must 
remain uncxpl uned 

Acetic acid — If ctlnl alcohol and lrclaldthi dc are further 
oxidised the) arc com cried into ncctic acid In the addition to the 
latter of one atom of oxj gen 


C,H 0 O 

i ti>>i 
Alcohol 


-> C.H 4 0 -> < 1 * 11 , 0 . 

\cet Acetic 

Milch) dc tcu! 


I lie oxidation mas be effected in a \cr) simple nnnncr b) 
passing the vapour of alcohol mixed with air over platinised 
asbestos { p 71) ™ ~ 


Expt 30 — mi a tube about a foot long with platinised asbestos 
I lie asbestos is prepared b\ soaking it 111 platimc chloride, and 
then heating it until it turns black A w ash-liottlc, containing 
ethyl alcohol is attached to one end of the tube, which is fixed 
horizontally The alcohol is gently wanned, and a rapid current 
of air bubbled through the alcohol, and then o\cr the asbestos 
The asbestos glows, and aldehyde and acetic acid arc formed, the 
latter being readily indicated b) holding a piece of moistened blue 
litmus paper at the open end of the tube, when the paper soon 
turns red 


Acetic acid is usuall) prep ired either from p\ roligneous acid 
obtained m the distillation of wood or as vinegar bv the acetous 
fermentation of alcoholic liquids 

Expt 31 — To illustrate the first pioccss, introduce into a hard 
glass tube some small pieces of hard w ood or saw dust, and attached 
to a receiv er and deliver)' tube as show n in Fig 26 Heat the tube 
gently at first and then more strongl) V watery liquid and sonic 
tar collect m the receiver, and inflammable gas is given off Test 
the aqueous portion wath blue litmus paper It will be found to 
have an acid reaction The acid is acetic acid But there arc 
other constituents of the aqueous distillate consisting mainly of 
two important ingredients of which we shall learn more presently, 
namely, wood spirit or methyl alcohol, and acetone 

On the industrial scale the process is conducted m iron retorts, 
and the aqueous distillate, or pyroligneous acid, is withdrawn from 
the tar, which is known as wood-tar This p\ roligneous acid. 
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which contains about io per cent of acetic acid, 1-2 per cent of 
methyl alcohol, and about o 1-0 5 per cent of acetone, is neutral- 
ised with lime and the methyl alcohol and acetone are distilled 
off The solution of the lime salt is evaporated, tarr} and resinous 
matters being remoi ed from the surface The dry calcium acetate 
is gently heated to carbonise some of the impurities, and is 
then known as “ grey acetate 5 It is distilled m copper vessels 
with strong hydrochloric acid sufficient to decompose the salt — 

(CH 3 C 0 2 ).Ca -f 2HCI = 2CH 3 CO-.H + CaCL. 

Calcium acetate Acetic acid 

The distillate, which contains about 50 per cent of acetic acid, 
is further purified by a second distillation o\ er a little potassium 



Fir 26.— The destructi\e distillation of wood. 

dichromate Glacial acetic acid is obtained by first comerting 
tKe ''acid into the sodium salt by neutralising with soda The 
sodium salt, C 2 H 3 0 2 Na -f 3TLO is then fused to expel the water 
of cnstalhsation, and then distilled with concentrated sulphuric 
acid The pure acid solidifies on cooling, and forms a colourless, 
crystalline mass from which the name glacial "has originated 
It melts at 16 7 0 boils at ii9°,.and has a specific giauty of 1 052 
at 16 5° 

Expt 32 — Preparation of pure Acetic acid — Place m a distilling 
flask attached to an ordinary condenser and recen er 30 grams of 
anliy drous sodium acetate and add slow!} 15 c c of cone sulphuric 
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To provide for the circulation of air holes arc bored in the sides 
of the cash above the lower partition Birch tw igs are packed in 
between the tv o partitions (Tig 28) I jie tv igs arc first co\ ered, 
^wjt h the mother of v inegar bv pouring on strong \ megar Weak 
spirit containing 5-7 per cent of alcohol is ilowh run m from the 
top and trickles over the twigs, in the course of which the alcohol 
is comerted into wrftgar The liquor runs out below and 
havingpassed through a second time is finallv clarified In running 
it oi er beech-wood shaungs The operation is conducted so that 
a constant temperature 
of 35 c is maintained 
v ithin the cask If too 
little air is admitted, 
acetaldcln de is formed 
If o\id ltion becomes 
too active or too pro- 
longed the alcohol is 
oxidised to carbon 
dioxide and water 
Vinegar is ne\ er used 
'in the preparation of 
pure acetic acid, which 
is entireh denied from 
pyroligneous acid, as 
desenbed aboie 
Propertiesof Acetic 
acid — Pure acetic acid 



A / 
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ia a usefu l-solvent for organic substances , \s it is little affected 
bi oxidising agents, it is frequently used as a solvent fo r 
chro mium trioxide , where a powerful oxidising agent is required 
Hie addition of water to acetic acid produces contraction in 
lolumc, so that an aqueous solution mai haie a higher specific 
grai lti than the pure acid 

Tests for Acetic acid — The v olatilitv of acetic acid rendeis 
its detection a comparatively simple matter Ihe liquid to be 
tested is distilled and the acid distillate neutralised with soda 
and evaporated to dnness On the addition of concentrated 
sulphuric acid the strong smell of \ inegar is at once apparent, 
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or if a little alcohol is added before the addition of the sulphuric 
acid, the fragrant smell of ethyl acetate is obser\ ed (p 34) 

CH 3 CO OH + C s H s OH = CH 3 CO OC 2 H 5 + H 2 0 

Ethi I aceta te 

Acetic acid is also detected by the red coloration which the 
solution of a neutral salt gnes with ferric chloride The red 
solution of ferric acetate loses acetic acid on boiling, and forms 
an insoluble basic salt 

The Acetates —Most of the normal salts of acetic acid arc 
soluble m water Lead acetate, or sugar of lead, Pb(C 2 H 3 0 2 )» 

+ 3H 2 0, is obtained by dissolving lead carbonate in acetic acid_ . 
\ solution of the normal salt dissoK es lead oxide and forms 
Basic acetate of lead t 

Acetic acid is used m the manufacture of white lead, by exposing 
sheets of metallic lead to the combined action of acetic acid and 
carbon dioxide Verdigris, or basic acetate of copper, (C 2 H 3 0 2 ) 2 Cu 
+ Cu(OH)., is used as a pigment, and is obtained by placing 
cloths dipped in vinegar in contact with sheets of copper By 
contact with the air, a crust of the basic acetate is formed on the 
surface of the copper, and is scraped off and ground up 

Schweinfurt green, (C 2 H 3 O s ) 3 Cu + (As0 3 ) 2 Cu 3 , is obtained 
by precipitating a solution of copper acetate with sodium arsemte, 
and is used as a pigment Iron liquor and red liquor are solutions 
of the acetates of iron and aluminium, and used as mordants in 
calico printing and dyeing 

When the acetates, with which the cotton is impregnated, are 
heated, acetic acid is driven off, and the aluminium and ferric 
oxides remain firmly attached to the fibre, and fix the colouring 
matter with which the cloth is printed, or dyed A substance 
which serves to attach colouring matter to cloth is termed a 
mordant ( vio~dre , to bite) 

Iron liquor is prepared by dissoh mg scrap iron m commercial 
acetic acid , red liquor is obtained by precipitating a solution of 
lead acetate with aluminium sulphate and filtering off the lead 
sulphate 

1 Molecular formula for Acetic acid —The fact that acetic 
ac ’d forms only one senes of salts (unlike sulphuric or phosphoric 
acid, which fornTbotlT acid and neutral salts) indicates that it is a 
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monobasic acid Its molecular formula may therefore be deter- 
mmed Irom one of its neutral salts bj ascertaining the weight of 
metal contained m a gn en weight of the salt The weight of 
metal if unnalent, must bear to the weight of salt the ratio of 
one atom of metal to the molecular weight of the salt 

Expt 33 — Molecular weight of Acetic acid — Dissoh e 2 grams 
of silver nitrate and an equal w eight of cr) stalbsed sodium acetate, 
separately , in 20 c c of water, cool and mix the tw o Solutions 
Shake w ell filter at the pump, and w ash free from sodium nitrate 
with cold water Press well down and dr)* the precipitate m a 
vacuum desiccator over sulphuric acid in the dark ~\Yhen quite 
dn* weigh out carefully about o 5 gram mto a w eighed porcelain 
crucible, co\ er with the lid and heat cautiousl) at first and then 
strongly until the weight is constant The sih er salt is decom- 
posed J am Lle a\fiS a-dn Uouhitp- rpcid^p of stiver If IF is the w eight 
of salt, rj the weight of sih er , the molecular weight of the siher 
salt is determined by the following formula — 

IF X 108 / 

1 v 

By deducting 10S for the atom of silver and adding 1 for the 
hydrogen which replaces the metal m the acid, the molecular 
weight of the acid is gn en 

Example — 0475 gram of silver acetate ga\e on heating 
0 3°.5 gram of sih er 

M W of acetic acid = 2 J 7 A* !°g _ 10? . 60 6 

o 306 

M W calculated for C 2 H 4 0 » = 60 

Structure of Acetic acid — Before it is possible to determine 
the structure of acetic acid further properties of the acid will ha\ e 
to be examined 

F xpt 34 — Add a iragment of metallic sodium to a little acetic 
acid , effer\ escence occurs and the sodium passes into solution 
When dissohed, e\aporate to dryness on the water-bath , sodium 
acetate is left 

C 2 H 4 0 . 4~Na = C 2 H 3 0 2 Na -f H 

^ XPT 35 — Add to a small quantity of pure acetic acid in a 
test-tube a little phosphorus pentachlonde A ngorous action 
sets in and fumes of li\ drogen chlonde are e\ oh ed 

C.H 4 0 ; - PC 1 5 = C-H-OCf 4 - POCl 3 4- HC 1 
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lhc product of the last reaction is acetyl chloride It is more 
com cmenth prepared bv the method described on p 62 
Comparing these two reactions with the ver\ similar behaviour 
of ctlnl alcohol (pp 27 2S) it is clear that we are dealing with ru- 
compound containing a hjdroml group The formula may 
therefore be written G>H a O OH If sodium or potassium acetate 
is heated with caustic soda or soda-lime, the acetate is broken 
up into the hydrocarbon marsh-gas or methane, CII 4 , and 



Hr -9 — Prepantion of mush gii from ponv-mm nccCUO. 

hmc I he mixture is introduced into a glass or copper flask w Inch 
is inclined as in 1 ig >0 The flask is closed with a cork, into 
v hull i delivers -tube is inserted the flask is stronglv heated, 
nid after the air has been expelled the gas is rollcclcd m ,1 gas 
bottle in. ei watci, mil the bottle, when full is closed with a 
topper Tilt q is is \ ir\ far from pure and burns with .1 luminous 
flame To remove the luminous In drocurbons the vasclnicd 
-topper is r u-cd «.ti"hll\ and a little concentrated sulphuric acid is 
poured 111 quickk and rinsed round and the bottle is quickly 
• io '<1 md lift for 1 fr\ hom- I In gas then burns with a non- 
lummotn il line — 
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Other wajs of preparing this gas are mentioned later (p 93) 

It is clear from this reaction that the t wo carbon atoms 111 
acetic and have- heerj , fevered and it is further e\ident that in 
acetic and, one is loided with Indrogen and the othei^wj th* — ; 
oxv gen_ Assuming for the moment tint one carbon atom carries 
the three ]ndrogcn atom s and tint the other carbon atom the 
hvdroxvl group and the remaining oxjgcn atom, the formult 
for acetic acid will appear thus - 

(CH^CO.H 

Ace 1 c icid 


OtESTIONS OX CHAPTER IV 


1 Describe the preparation of pure acetaldehvde and gi\e its 
characteristic reactions 

2 hat is meant bv the terms polymerisation and condensation * 
Give examples 

3 Give a list with formul c of the additive compounds of acet- 
aldeh\ de 

4 Describe a method foi >=epaiating the constituents of a 
mixture containing mctlul alcohol and acetic acid 

5 Discuss the structure of acetic acid 

6 How would vou propose to obtain a specimen of pure acetic 
acid from vinegar 5 

7 . Describe the " quick % megar ” process 

8 The ratio of carbon, li\ drogen and oxvgen m acetic acid can 
be expressed bv the formula CII O W hat are the reasons that 
ha ' e led to the formulae CJI, 0 , and CH- CO OH being used 
instead 1 > 0 

r. 9 \ ou . are the product of the distillation of wood 

p escribe how a specimen of pure acetic acid could be obtained 
from it 


10 Y\hat would be the difference m the percentage of silver m 
silver acetate supposing the latter were a dibasic instead of a 
monobasic acid J 

, p 1 ' e - our reasons for w ritmg C 2 H , O as the formula for 
acetaldehvde 


p** Tventj-five c c of dilute acetic acid neutralise 20 c c of a 
solution of caustic soda containing 40 grams per litre Calculate 
the strength m grams per litre of the acid 
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Acetyl chloride — As already stated phosphorus chloride 
converts acetic aud into acetjl chloride With phosphorus tri- 
chloride the following reaction occurs — 

3C;H 4 0 2 -f PC 1 3 = 3CH, COC 1 + 3HCI + H s PO. 

Acet) 1 chloride 

Expt 37 — Preparation of Acetyl chloride — A distilling flask, 
through the neck of which a tap-funnel is inserted, is attached to a 
condenser and receiver The receiver should be connected with 
/ a tow'er of soda-lime, to absorb the hj drochlonc acid evolved (see 
Fig 16, p 30) , otherwise the operation must be conducted in a 
fume-cupboard Fifty grams of glacial acetic acid are placed m 
the flask, and 40 grams of pliosphSriiSlKchlonde slow ly added 
from the tap-funnel The flask is gentty warmed m the water-bath 
j to 40°-50°, until the evolution of hydrochloric acid gas slackens 
t The w'ater-bath is then heated to boiling, when the acetyl chloride 
, distils Jt boils at 55 0 , 

Acet> 1 chloride maj be regarded as composed of the radical 
CJJjO, called the acetyl radical, united to chlorine just as eth\l 
chloride consists of the radical, ethyl, united to chlorine The 
general term for acid radicals is acyl in the same way that the 
alcohol radicals are called alkyl and, like the latter, are mere names 
and have no separate existence The structure of acetyl chloride 
is that of a substitution product of acetaldehyde, into which it 
mav be transformed on reduction with sodium amalgam, and has 
therefore the formula 1 

(CH 3 )COCl 

Acetjl chloride 
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Properties of Acetyl chloride — Acet\ I chloride is .1 
colourless liquid with boiling-point hmg between that of the 
corresponding aldeln de and acid It fumes in moist air and is 
\er\ qiiich4-de r nm p n(;p -d b \ water II\drochloric acid is therebv 
e\ol\ed and the original acid regenerated \eeul chloride, 
when acted on b\ water, gnes acetic acid 

CH, CO Cl + H Oil = ( H, CO OH + HC 1 

\cetic icici 

E\pt 38 — Add a few drops of water to a few drops of acct\ 1 
chloride in a test-tube Decomposition takes place rapidh and 
the liquid becomes hot and boils e\ oh ing In drogen chloride 

The action of alcohol on the acid chloride is \erv similar to 
that of water The alh\l salt or ester, is formed and Indro- 
chlonc acid is e\ol\ed \cet\l chloride and etlnl altohol m this 
wa\ gn e ctln 1 acetate 

CH, CO Cl + H OC„H s = CH, CO OC,H, a- HC 1 

1 th> 1 neetate 

l lns reaction is of great importan ce as a means of d etecting 
. the presence of a In dro\) 1 groupin' organic substances , and~is" 
more comenient than that requiring the use of sodium or of 
phosphorus pentachlondc (pp 27 28) as the acet\l dernatnes 
which arc formed are usualh cas\ to punfj Acet\l chloride 
being readil} obtainable is con\cmcnt to empkn In compounds 
in which the lndrowl group occurs the In drogen is replaced b\ 
acetyl and forms an acetoxyl group 

- OH + CH, COC 1 = - O CO CH, + HC 1 

Acctowl 

Expt 39 —To about 1 c c of ethyl alcohol in a test-tube add, 
drop bj drop, 1 c c of acetyl chloride and cool well under the tap 
Then add about 1 c c of a solution of common salt, in winch ethjl 
acetate is onh shghtlj soluble Ethyl acetate separates on the 
surface of the liquid and mav be recognised by its fragrant smell 

Ammonia and ammonium carbonate react with acet)l chloride 
forming acetamide and ammonium chloride This reaction is 
discussed more fulh later (p 197) , 

CH, CO C 1 + H NH 2 + NH, = CH, CO NH„ -r NH 4 C 1 

Ammonia. Acctamidu 
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Expi 40 — If ammonia solution is added to acetyl chloride, lieat 
is evolved , but the acetamide, being i ery soluble m watei, does 
not separate If, lion ever, a substituted ammonia, or amine (see 
p 262) like phenylamine (aniline), NH 2 CgH 5 , be taken, the solid 
phenyl acetamide (acetanilide), CH 3 CO NHC 0 H 5 , separates out 
The experiment may be peifoimed with a drop or two of each 
substance 

Acetic anhydride is obtained bj the action of the acid 
chloride on the sodium salt of the acid Acetyl chloride and sodium 
acetate yield acetic anhydride 

CH 3 CO Cl + Na O CO CH, = CH 3 CO O CO CH 3 + NaCl 

Acetic anhjdride 

The reaction is similar to that by which Others are prepared 
(p 38), and as the ethers are also named alkyl oxides, these 
compounds may be regarded as acyl oxides By taking the 
chloride of one acid and the sodium salt of another, mixed 
anhydrides are formed, a process which resembles the method 
of preparing mixed ethers (p no) 

(C,H 5 ) 2 0 (C.H 3 0) 2 0 

All.} I oxide Ac> I oxide 

Expt 4 1 — Preparation of Acetic anhydride — A retort through 
the tubulure of which a tap-funnel is fixed, is attached to a con- 
denser and receiver Fifty-five grams of fused sodium acetate are 
placed in the retort, and 40 grams of acetyl chlonde slowly run 
in from the tap-funnel, the retort being cooled m water When 
the acetyl chlonde has been added, the contents of the retort are 
well stirred with a glass rod and then distilled Acetic anhydride 
distils at i30°-i40° 

The anhydride possesses a pungent smell, but does not fume 
It has a higher boiling-point tha n.t he.acid from which it is derived 
In chemical behaviour it closely resembles the acid chloride, 
being decomposed by water, alcohol, and ammonia, but much 
less rapidl) than the acid chloride Acetic anhydride jields the 
same products is acetj 1 chloride w ith these three reagents 
(C,H 3 0),0 + H 2 0 = 2 C 3 H 4 0 3 

Yceuc anhydride Acetic icid 

(C„H a O) O + C»H s OH = CH 3 CO OC 2 H 5 + CoH.O. 

Alcohol Fth}l acetate 

(C 3 H n 0) 2 0 + 2NH 3 = CH 3 CO NH„ + CH 3 CO ONH 4 

\mmonioe Acetamide Ammonium ncetatc. 


v some onm vnvns or \cliic vein os 

Action of Halogens —Chloric gas produt ts substitution 
in the CH, group, but has no Action on the CO OFI group 
\retic acid forms chloracetic acid^ > 

CH 3 CO OH + Cl. = C1I.CI CO OH + HC1 

Cliloncetic ncid 


and if the iction is prolonged di- 
formed 

CHC1, CO.H 

Du hloncetii ici.l 


and tri-chloracctic acid are 
CC1, CO.H 

Indilinniii icnl 


The action of chlorine is accelerated b.\ su nlight, or b\ the 
presence of a carrier such as red phosphorus, sulphur, or iodine 
Bromine acts like chlorine, lu ll — iodine— is~xulliouL-x l_irct t action J 
The action of the halogens on the hydrocarbon radicals of the 
acids is therefore analogous to their behaviour with the paraffins 

(P 9°) 

Expt 42 — Preparation of Chloracetic acid — A round flask 
(25 o c c ) is fitted with a cork perforated with two holes , tluough 
one a short condenser is attached and through the other a dcliv cry 
lube passes to the bottom of the flask Into the flask pour 100 c c 
of glacial acetic acid and add 10 grams of red phosphorus jarnl , 
w eigli roughly The flask is fixed on a w alcr-batli Dry chlorine, 
prepared by dropping concentrated hydrochloric acid oirpotasstumj > 
permanganate and passing the gas through concentrated sulphuric' 
acid, i*T bubbled in a rapid stream through the acetic acid, which is ^ 
heated on the w atcr-bath Sunlight greatly assists the absorption 

of the gas, which is otherwise a very’ slow operation When the 
flask has gained about 50 grams in weight the liquid in the flask is 
distilled over wire gau/c and the portion boiling at i70°^Jj2o!L 
collected Chloracetic acid is a. s olid which melts at 63° .nuTboils 
at 185°-! 87° 


„„ Ex.pt 43 — Test for Halogens — Heat a fragment of copper 
oxide, held in the loop of a platinum w re, in the outei mantle of 
the non-luininous flame, until it ceases to colour the flame green 
Let it cool a little, and then dust on some chloracetic. acid or 
other halogen compound Now heat again A ^bright gi cen flame 
accompanied by a blue /one immediately' round the oxide 
indicates the presence of a halogen 


Like the alkyd halides (p 44), the monolnlogcn derivatives 
of the acids exchange the halogen for other groups when acted 

Colirn \ Cl PL Org Chcni F 
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upon with \ anous reagents Monoeliloraectic acid, for cMvm plt 
gives rise to the followin g products by the aetion of water, am- 
i pSim r, uiul'potiTSSttmTT) un ide respeitiv el\ 

x CH.Cl CO_,H + H.O = CH„(OH) CO.H + HC 1 

H\<lro\j-\cenc acid 

2 CHX 1 CO, II + sNH, = CH^NH;,) CO.TI + NH 4 C 1 

Ammo'icetic acid 

3 CH 2 C 1 CO.H +, KCN = CH.(CN) COM + IvCl 

Cj imcelti. icnl 

Acetone — This substance has alrcadj been referred to as 
occurring with methjl alcohol m the aqueous distillate from wood 
(p 54) It may also be obtained bj the dn distillation of 
calcium acetate 

(C.HjO.J.Ca = C a H c O + CaCOj 

Calcium Acetone Calcium 

acetate carbomte 

X Expt 44 — Preparation of Acetone — Distil 30 grams of dn' 
calcium acetate m a retort, attached to a condenser and receiver 
The retort must first be warmed and then strongly heated A 
light brown liquid collects m the receiver The liquid consists of / 
acetone mixed with other products Bj adding a few cc of a* 
saturated solution of sodium bisulphite, a crystalline substance 
deposits on standing, winch is a compound of acetone w itli sodium 
bisulphite The acetone may be separated by distilling watlif 
sodium carbonate, but the quantity is usually too small for this{ 
purpose 

/ Acetone is now produced in considerable qu antities b\ the 
' faction ot a peculiar ferment on starch, an d is largely used as a 
1 solvent, lor the production of chloroform (p 102)^ iodoform (p 103) 
and in the manu fact ure of cordit e (p 166) It is a colourless liquid 
wath a fragrant smell, mixes with water and boils at j 6 ^ Its 
presence may be detected by the iodoform test (p 25) which is 
the same as for etlij 1 alcohol This reaction also sen es for its 
quantitative estimation 

The properties of acetone resemble m man} respects those of j 
acetaldeh}de (p 50) It combines with sodium bisulphite when i l 
it and a saturated solution of the latter are shaken together lj 

C s H 0 O + NaHS 0 3 = C 3 H 0 O NaHSO s 

Acetone cod lit hi 
bisulphite 
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Expt 4^ — Prepare a saturated solution of sodium bisulphite 
by passing a stream of sulphur dioxide into sodium carbonate 
crystals covered with a layer of water until the crystals aie dis- 
solved The solution has then an apple green colour Shake two 
\olumes of acetone with one volume of the bisulphite solution 
Crystals of the bisulphite compound separate 

It combines also ith phosphorus _p entachIoride . m the same 
wa\ j losing oxygen which is replaced by chlorine 
C 3 H c O + PC 1 5 = C,H 6 C 1 2 + POC 1 , 

1 Hchloroprop'me 

Expi 46 — Add gradually 10 to 15 grams of phosphorus penta- 
chlonde to 5 grams of acetone, cooled in ice The pentachlonde 
dissolves, and the liquid turns yellow Pour the product into ice- 
cold water, and let it stand until the phosphorus oxycliloride has } 
decomposed and dissolved The heavy liquid, which settles to the j 
bottom, and smells like chloroform, is dichloropropane The 
dicliloropropane distils at 70° • 

It also combines like acetaldeh} de with phenj lhydrazme and 
hydroxylamine and forms a phenj lhydrazone and an oxime 
(P 5 i) 

C 3 H 6 0 + H,NOH = C 3 H G NOH + H.O 

Acetoxime 

Expt 47 — Mix together m a flasTT” 5 grams of hydroxylamine 
hydrochloride dissolved in 10 c c of water, 3 grams of caustic soda 
m xo c c of water, and 7 c c of acetone and cool Crystals of 
acetoxime soon begin to deposit, and the reaction is complete m a 
few hours, or, if cooled in ice, in a few minutes Acetoxime melts 
at 6o° 

To prepare the phenylhydrazone the same process may be 
adopted as m the case of acetaldehyde (p 51) 

Acetone also combines with hydrocyanic acid like acelaldehj'de, 
and forms a cyanhydrm 

C 3 H c O + HCN = C 3 H ,,0 HCN 

Acetone cj inhj drm 

Putting these facts together we may draw the conclusion that 
acetone and acetaldehyde, so far at least as the oxygen is cofi- 
cerned, are similarly constituted, and acetone may therefore be 
represented by the formula 

c 3 h 6 o 

Acetone 


F 2 
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But, on the other hand, acetone has no reducing propertied and 
has no action on either Fehhng’s solution or ammonia-silver 
nitrate solution 

The explanation of this difference will have to be deferred 
until the structure of certain related compounds has been ascer- 
tained For the present it may be stated that it belongs to the 
group of compounds known as ketones (p 112 ) 

QUESTIONS ON CHAPTER V 

1 Describe the preparation of acetyl chloride Why is the 
structure represented by (CH 3 )COCl ? 

2 In what manner can an acid chloride be employed to indicate 
the presence of a hydroxyl group m an organic compound ? 
Illustrate this by reference to ethyl alcohol 

3 Describe by means* of equations the behaviour of acetyl 
chloride with the following reagents water, ethyl alcohol, 
ammonia, sodium amalgam, sodium acetate 

4 Compare the behaviour of ethyl ether and acetic anhydride 
with different reagents 

5 Describe the materials required and all the operations 
involved in the preparation of acetic anhydride 

6 What are the sources of acetone ? Compare and contrast 
the properties of acetone and acetaldehyde 

7 How would you distinguish between acetone and ethyl 
alcohol and how could they be separated from a mixture ? 

8 How is cbloracetic acid obtained ? Describe its behaviour 
with w’ater, ammonia and potassium cyanide 

9 By what reactions would you obtain the following compounds 
from aceticT acid acetyl chlonde, acetamide, ethyl acetate, acetic 
anhydride, monochloracetic acid ’ Describe briefly the general 
characters of each of these substances 

10 Calculate the molecular w eight of a monobasic acid from the 
following data o 3652 gram of silver salt gave o 172 gram of 
silver 

11 Describe three distinct methods of arriving at the molecular 
weight of acetic acid 

13 How u'ould you prepare a pure specimen of acetic acid from 
its solution in w iter ? 
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MetKyl alcohol is fo rmed with acetic acid and acetone as i 
ready mentioned, in describing the destructne distillation of J 
jod (p 55) The distillate from the calcium acetate containing ^ 
c alcohol and acetone is fractionated (mctlnl alcohol boils at ' 
uo° and acetone at 56°) in order to separate the latter from most 
of the water The distillate is then dehydrated o\cr quicklime 
to rcmo\c the remainder of the water A further fractional 
distillation is required in order to separate the methyl alcohol 
from the acetone As a rule, however, a small quantity of acetone 
i s present m commer cial methyjLalcohol unless the latter under- 
goes a special treatment for its rcmo\ al 1 

On examining the chemical b’cha\iour of mctlnl alcohol it is 
at once seen that it bears a \ cry close rcs embknj^J.oaH. ln 1 alcohol , 
Its molecular formula as determined by its analysis and its \ apour 
densitj, is CII^O Like ethyl alcohol it forms with sodium, 
sodium methoxide, CH s ONa , with h> drochlonc acid or phos- 
phorus chloride, methyl chloride, CII 8 C 1 , w ith bromine or iodine 
and red phosphorus, methj 1 bromide, CH 8 Br, and iodide, CII 3 k, 
with sulphuric acid, methyl hydrogen sulphate, CII 8 H S 0 4 , 
methj 1 alcohol and sulphuric acid, or sodium methoxide and 
meth) 1 iodide, yield in the same wa\ dimethyl ether, (CH,),0 
If, therefore, ethyl alcohol is the hy droxide of the radical ethyl, 
methyl alcohol is the hydroxide of the radical methyl, CH s OH 

1 V 'cr> simple method for remoung acetone is to pass into the boiling 
alcohol (in a \esscl attached to a reflux condenser) a current of chlorine and 
then to distil off the mcth)l alcohol The acetone remains as triclilor- 
acctonc of high boiling point and the alcohol is unattached 
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We can therefore tabulate the following parallel series of 
derivatives — 



Mcthjl 

B p 

Llhjl 

B P 

Alcohol 

CH 3 OH 

C\ 

°S 

c,ii 3 orr 


Sodium alcohohlc 

CII-ONa 


C,'lI s ONa 


Chloride 

It) 

-24° 

c„ii 3 ci 

125“ 

Bromide 


4 5° 

C-IIJlr 

3S 5° 

Iodide 


43 ° 

C.H „I 

72° 

Ether 

IK 

gas 

(C.II s ).0 

36” 

Sulplnlc 

l«J BrtRwlS 


C-H 5 H SO, 


Nitrate 

cir 3 no 3 

66 ° 

cii 6 no 3 

86” 

Acetate 

CII 3 C.H 3 O. 

56 ° 

C-H„ C-lIjOj 

78° 


In the same waj methyl iodide may be made to } icld on leduc- 
;tion methane 

^Formaldehyde — Morco\cr the pioducts of ovulation are 
similar di ethyl alcohol when oxidi sed gives formaldehyde , just 
as ethyl alcohoryields iiceuildeliyde 

CH-, OH + O = CH a O + HoO 

Meth> 1 alcohol Form ildeh) de 

As m the case of acetaldfehyde, formaldehj de may be obtained 
by oxidisin g meth yl alco hol -rotli.oxy ffen .in contact_\\ ith tLsuxlace 
of platinum ' 

Expt 48 — Preparation of Formaldehyde — The form of appa* 
ratus is sliown in Tig 30 The flask a contains about 50 c c of 
methyl alcohol It is provided with a double-bored cork 
Through one l}ole a glass tube passes to the bottom of the flask , 
and tluough the second a bent glass tube connects the flask with 
the short combustion tube b Into the centre of this tube a loose 
plug of pla-t imsed asbestos is inserted which is kept m position by 
a shortroiroTcopper gauze, which in turn is held m its place by a 
slight constriction of the tube The platinised asbestos is prepared \ 
by soaking the loose fibrous asbestos in platinic chloride and gently \ 
igniting The open end of b is attached by a bent tube dipping to ’ 
the bottom of the flask, to a flask, c, cooled in ice A second tube, 
d, which terminates below the coik is joined to a water-jet aspi- 
rator The flask a is warmed in a water-bath to a bout ~4o'°7'a.nd'a— 
lapid current of an aspirated through the apparatus The 
platinised asbestos is then heated until it begins to glow, aftei 
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which the glowing will continue so long as the air curient is 
sufficiently rapid The liquid which condenses in the flask c is a 
strong solution of formaldehyde m methyl alcohol,' and may he 
used in a similar senes of experiments to those described under 
acetaldehyde (p 50) 

Solutions of formaldehyde, on evaporation in vacuo, or in the 
presence of a little concentrated sulphuric acid, yield a wlnte^ 
c rystalline powde r, known as pa raform aldehyde, which has the 
same percentage composition as formaldelTyHe^but its molecular 



weight is a multiple of that of formaldehyde The molecular 
weight of the solid substance has not been ascertained 

Thus formaldehyde, like acetaldehyde, undergoes polymerisa - 
tion (p 51) 

Technical uses of Formaldehyde — Since the introduction 
of formaldehyde gs an antiseptic and disinfectant, and for 
other technical purposes, its manufacture is conducted on a 
commercial scale Strong solutions, containing' 40 per cent, 
of the aldeh) de dissolved m water containing about 15 per cent 
of methyl alcohol, known as formalin, as well as the solid 
paiaformaldehyde, or paraform are now sold For disinfecting 
rooms, the solution nuj be heated, or the solid paraform \ola- 
tilised over a lamp A convenient formaldehy de lamp may be 
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ammonia, CH-0 NH 3 , being. formed, a crystalline compound of 
the formula (CH.)„N 4 , or hexamethylenetetramine, is produced 


6CH;0 + 4 NH 3 = (CH.) 6 N 4 + 6H 2 0 

Hertmelh} lenetctrammc. 


Expt 51 — Evaporate in a watch glass on the water-bath a 
mixture of formaldehyde solution with sufficient strong ammonia 
to render it alkaline A crystalline residue remains 

The substance is used in pharmacy under the name of hexamme 

i W jicn a solution of formaldehyde is mix e d, with lime-w ater 
i magnesia at the ordinary temperature, it is jsl owJ y converte d 
mfoTTpoh meric suSstance of the , formula { CH«Q) 0 o r C-H^Q,. 
fheZE mducTis' TVweef syrup' apdLlts J.Qrmula_and_man v of its 
pr opert ieS-jndl CatC a close relationship with-j n pa p e-, and f rmt- 
sugar, — It -is k nown as formose . The fact has an interesting 
bearing on the productiorTof the sugars by plants, which takes 
place during the assimilation of carbon dioxide by their chloro- 
phyll, or green colouring-matter, m presence of sunlight It 
has been suggested that in the process the carbon dioxide is 
reduced to formaldehyde, which then undergoes polymerisation 
and forms sugar and starch 

Formic acid — When— m ethyl al cohol or formaldehyde is 1 
oxidiscd^it y lclds formic acid, justiiset^ f 

gi\ es acetic acid 

CII 3 OH + 0„ = CH 2 0„ + H,0 

I ormic icid 

1 he commercial method of obtaining it is to pass carbon mon- 
oxide under pressure into a 10 per cent solution of caustic soda 2 
heated to 160 °, ivhen sodium forrhate~is produced * 

CO + NaOH = C0 2 HNa 

Sodium 

formite 

A laboratory method of preparation is based on 
Jtjon joLoxalic^ acid o n heating, -/ " •* - 

CjjHoOj = CO = H s + CO 

Oxalic formic 

/ } / , acid acid 


the decompose 


3 
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a decomposition which, for reasons to be discussed later, occurs 
much more readily if glycerine is present 


/: 


E\pt 52 — Preparation of Formic acid — Fifty grams of crystal- 
lised oxalic acid and 50 grams of g lycerine are healed in a retort 
(250 c c ) over wire gauze, the retSTF being connected with a con- 
denser and receiver A thermometer with its bulb ib the liquid is 
fixed through the tubulus of the retort The tcmpcratuic is 
| maintained at io5°-iio° until the evolution of gas has slackened, 
land the liquid then distilled until the temperature reaches 120° 

1 If a larger quantity of formic acid is required, 50 grams more of 
oxalic acid are added before distilling, and decomposition effected 
at io5°-iio° as before This process may be repeated To 
remove the formic acid remaining in the retort, the contents are 
transferred to a round flask and distilled m steam (p 263) until / 
the distillate is no longer acid The distillate is boiled with 
excess of lead carbonate and extracted repeatedly with boiling 
w ater Orfcb Sling, crystals of lead formate, (HC 0 2 ) s Pb, separate 

overthc drv lead saltheated to about no° 

(IICOj),Pb + H,S = zH CO OH + PbS 

I end formntc Tormii. nud 

The lead salt is contained m a wide tube plugged at each 
end with asbestos The tube dips downwards so that the free 
acid runs down and collects in a receiver 
Another reaction of some interest, m which formic acid is 
, produced, is the decom positi on of an aqueous solution of hydro- 
cyanic acid which, on standing, yields ammonium formate 

HCN + 2 H 2 0 = C 0 2 H NH, 

Ammonium 

formate 

b Formic acid was originally obtained bt distilling red ants with 
water (fo> mica ^=ant) , the acid is also found in the sting of nettles 
r Properties of F ormic acid — Pure formic acid boils at 
roi° -and me lts at 8° It has a pungent and irritating odour l 
‘’aScTis extremely corrosive, raising blisters on the skm All for - 
mat es are more or lc ss ._soluble in .wat er-. Both acid and salts 
arc decomposed with effervescence by concentrated sulphuric 
acid, yielding carbon monoxide Pure c arb on m ongjode^js 
readily obtained m this way 

r'7^ r ' s vS, h ) l 1 ' ifcr>z> 
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Expt 53 — Heat a little formic acid, or a forma te, -with cone 
s ulp huric arid m g — -^-^-tubo Ijificrv-csccncc^occnrs jan d_ the 
escaping carbon mono xide may be ignited v 

CH 2 O s - H ,0 = CO 

Formic acid and the formates are strong reducing agentsj 
\^oIiiItioTi'T)^^ ~vdTeif1ieute3'~wTth the soUilIorT’oF 

sodium formate gnes a black deposit of metallic siher , mercunc 
chloride is reduced to the insoluble white mercurous salt , which 
is precipitated This in ducing acti on of formic acid, which 
distinguishes it from all the other fatt} acids, will be explained 

after the structure of the acid has been discussed (p 78) 

\ 

Expt 54 — Make a solution of sodium formate and di\ ide it 
between tw o test-tubes To one portion add a little silver nitrate 
solution and to the other some mercuric chloride On heating, 
the first solution darkens and gi\cs a deposit of metallic silver, 1 
and the second gives a white precipitate of mercurous chloride " 
The formic acid is oxidised to carbonic acid 

Wc haic seen that oxalic acid is com cried into fornne acid 
The rc\ersc process may be effected b y. heating dr) sodium ^oi 
potassium, formate The alkali salt of oxalic acid is produced, 
and h> drogen is at the same time e\oITed"( p" 

2CO.HNa = C,0 4 Naj -f- H, 

Sodium Sodium 

forimtc omlitc. 

Expt 55 — Heat a few grams of sodium formate in a hard glass 
test-tube hen the substance begins to fuse and efferv esce, the 
livdrogcn w Inch is c\ oh cd can be ignited "1 he presence of sodium 
oxalate ijia) be detected b\ extracting with watei, acidifying with 
•hectic acid, and adding calcium chloride solution 

"CStrtfcture of Methyl alcohol and its derivatives — 
‘Ihc structure of these substances is rendered comparatn eL\ 
simple from the fact that onlv one carbon atom is present In 
looking through the list of compounds derived from metlnl 
alcohol it will be seen that not only is the univalent radical, 
metlnl, linked to a single univalent atom, such as hydrogen and 
the halogens, or to unnalcnt groups such as h> droxj 1 (m methyl 
alcohol), ejanogen (in mctln 1 c\ anide) and hydrogen sulphate (111 
methxl, hydrogen sulphate), but when the alcohol is oxidised to 
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the aldehyde the valency of the carbon atom is still maintained 
by the replacement of two univalent atoms or groups by one 
bivalent oxygen atom CII .=0 

Quadri valency of Carbon — Carbon is ^quadrivalen t , that 
is the. atom of carbon is capable of uniting with’ 4 atoms of 
a univalent element, 2 atoms of a bivalent clemeht, or 1 
atom of a tervalent and 1 of a univalent clement This 
property of carbon was first recognised ~"by Kek ulp, who 
represented the carbon atom as having 4 bonds or TmCages thus 

I 

— C— 

v i 

Methane, methyl chloride, formaldehyde, carbon dioxide and 
hydrocyanic acid will then be represented by graphic formula; 
as follows 


H 

H 

H 

O 

N 

1 

1 

I 

P 

/l\ 

H— C— II 

1 

H — C — H 

f 

n-c-! 

U- 

Z_C_^ 

1 

1 

H 

1 

Cl 

I_! 

O 

0 

1 

H 

M ethnic 

Mcthjl 

chloride 

I orinaldclij dc 

CarfJon 

dioxide 

Hjdrocjamc 

acid 


Linking of Carbon atoms — Kekulc at the same tunc 
that he pointed out the quadnvalency of carbon put forward 
the theory that carbon atoms can unite with one another by 
means of their bonds If the two series of alcohols and their 
derivatives on p 70 are compared, and, furthermore, if the series 
of alcohols present m fusel oil (p 22) is added to the list, it will 
be noticed that there is the same constant difference, namely 
CH«, between successive members 

Methyl alcohol CH 4 0 
Ethyl alcohol C s H fl O^^S 2 
Propyl alcohol c:h 8 0^^„ 2 
Butyl alcohol C 4 H 10 O Crw 2 
Amyl alcohol C fl H 12 0 >< '" 2 

The same is true of the hydrocarbons CII 4 and C a U e What 
is the reason of this ? The answer is given by turning to the 
reaction by which . methyl iodide is converted by sod i um Or zinc 
into ethane (Wurtz) Using structural formula; the change may 
be represented" as 'follow s 



V! 


mi nm \i count and n« nrnivvmis 


n 

H-J-H 

| 

1 J- !sa 
1 ■} Nn 

i 

iuL H 


II 

t 

n-( f -II 
i 

(oj 7 n) *r | ^ .Xil (or 7nl») 

I 


n_t'_n 
s 
u 

li 

3 j i 'i V } ft a c 

U is oloimi*. tint no other intirpret'itinn of this rnrtum is 
in til prohibit' It folio vs tin ri fori tint of tlu u«.ht bonds of 
tlu two < trlum atoms, two m utilised in linking tlu < irhon 
atoms, leasing onlv ms available for Indrogen \nd as tat It 
nddttiotnl carbon itoin is joined In two bonds to its neighbours 
on either side it Ins on Is two *ts id ible for hjtlrogen 

Homologous senes —-There hire each »umssi\p incnibtr of 
a sent s differs from Hi neighbour In CH. Swh a scries is known 
is a homologous scries 

Flu S.UJH is true of tlu aleohols wlneh nn> hi n presented 
'is follows 
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II-C — O- 

I 
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II 


II 
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II 
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II 
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1 11 |t) I ill *li 1 


ni 4 o cji,o 

il ! I Jtlj! V ,1 J . >ijiji(ii „ , 

now st ( tlu stgnifif mecof the unn aluit rathe d or alk\ I 
group It is simplv the lndrot irhon group with nm* free bond 
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These groups have no free existence They are merclj names 
used m order to indicate their analogy with hydrogen or sodium 
m their various combinations 

More about the structure of Acetic and Formic acids — 
Before leaving the subject of structure let us return once more 
to the structural formulae for formic and acetic acids 
Formic acid is obtained by the addition of oxygen to formalde- 
hyde , but at the same time it contains a hydroxyl group like 
acetic acid This is interpreted by supposing a hydrogen atom 
in formaldehyde to be replaced by hydroxyl 


HoC O — HCf 

\OH 

Foirmldehjde Formic acid 


It has been stated that hydrocyanic acid in aqueous so lution 
pa sses into amm onium formate (074! This change, which is 
one of great lrnporjaficeTi s an exa mple, ofj iydrolysi s , for it is 
brought about by the addition of the elements of water to hj dro- 
cyanit acid 

HOH .OH 
HC N+H q =HC( o +NH, 


Ammonium formate 


Now methyl cyanide can be obtained, as already pointed out, 
by heating methyl iodide and potassium cyanide Written m 
structural formulre it will appear as follows 


H 

I 

H— C-H 
I 

I+KC N 


PI 

= H— C-H + KI 

I 

C N 

Methjl cjmide 


Moreover, it can be hydrolysed like hydrocyanic acid , but 
water alone has little action By boiling either with caustic 
alkali, which unites with the acid formed, or with a mineral 
acid, which combines w'lth the UBerate'd ammoni a, methjl 
,cj’anide can be concerted into acetic acid Formulating the 
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reaction adopted in the case of hydrogen Ljanidc, the process 
w ill appear as follows y 

II OH .OH t / i / 

CH,C N+H n -CH3C4 +nh 3 ]/ 

H u ^O 

acme ncul 


We ha\e thus obtained final evidence of the structure of 
arctic .acid and determined the relative position of each atom 
If this is the structure of acetic acid, then it follows that 


acetaldclvs de has the formula CH 



0 

II 


The follow mg are 


three parallel scries of alcohols, aldeh> dcs and acids 


H CH n OH 


Hc(° 

MI 




yO yO 

CII 3 CH„ OH ch 3 cf . ch 3 -c{ 

mi Ndh 

Mcoliols Aldeltjilrs \culs 

In reMewing these results we mav conclude that the properties 
of an organic compound are mainly determined by the presence 
of a particular group of atoms Thus the special property 
of the alcohols is to be attributed to the presence of the hydroxyl 
group, that of the aldehydes to the aldehyde group, that of the 
acids to the carboxyl group — 

yO yy° 

OH -Of -Cf 

MI M)H 

Hj droxj 1 group Aldeh) de group C'xrbovj 1 group 

The properties of the ethers in the same woi) are determined 
by the ether group C — 0 — C, for this is the essential group m 
mctln 1 and eth) 1 ether 

H 3 C—0— CH 3 H 3 CH 2 C-!o-CH 2 CH 3 

Me tli) 1 ether Lthjletlur 

So far we ha\e confined out attention to compounds con- 
taining one and two carbon atoms, and their derivatives , but 
a moment’s reflection will suggest the possibility of lengthening 
the chain of carbon atoms attached to the characteristic group, 
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or, in other words, of introducing larger radicals and multiplying 
indefinitely the number of members of each class of compounds 
This is a perfectly correct deduction, and examples have already 
been given in the case of a senes of alcohols In the following 
chapters we shall have to consider other senes The subject 
is greatly simplified by the fact that as the characteristic group 
mainly determines the chemical properties of a compound, 
the lengfthe jaiiig-of-th dradicii Lonlv-affeGtaJl ie phy sica l propertie s 
( boiling-point, solubi lity— hi-w aterr-smell^t aste, etc ), a nd conse- 
quently the chemi cal properties of o nfi_ memb er represent those 
of tlicT wliole~senes ~~ 


QUESTIONS ON CHAPTER VI 

1 Discuss the theory which accounts for the existence of 
homologues among the alcohols 

2 Give a method by which marsh gas (methane) can be pre- 

pared How would you propose to determine its molecular 
weight 7 What relation has the structure of marsh gas to that of 
acetic acid 7 < (« cn' 1 ' > - 

3 By what process is methyl alcohol obtained 7 Why is it 
sometimes termed methyl hydroxide 7 n 

4 Give an account of the technical uses of formaldehyde How 
is it prepared 7 How is it distinguished from acetaldehyde 7 

5 By what senes of reactions can methyl alcohol be converted 
into acetic acid 7 

6 How is formic acid obtained, and how can it be distinguished 
from acetic acid 7 In what respects do the acids resemble one 
another 7 

7 How r are methyl alcohol and acetone separated from crude 
wood spirit 7 How would you detect the presence of acetone m 
commercial methyl alcohol 7 

8 How can methyl alcohol be converted into ( a ) methane, and 
(6) ethane 7 

9 Give a full account of the reasons why acetic acid is regarded 
as a methyl group linked to a carboxyl group 

10 What is meant by Kekule’s *' law of the linking of carbon 
atoms ” 7 How is it applied to the senes of alcohols 7 Give the 
formulas 



PART II 

THE A 1 1 PH ATI C COMPOUNDS 

(II \1MI R VII 

T»P I>\R\mNs 

Paraffins — Hnungnow learnt something about the method*; 
of punfs in" organic compounds, of determining tlieir com- 
position moleculir formuli, and also some thing of the principles 
h\ which thur strut tun. can he UMcrtuncd, we will now turn 
to a group of sulist imc,s of whuh uit un members Imc dre ul\ 
been mentioned, nimeh methani or tnarsh-ges ( 11 4 , ethane, 
C ; Il t end butane, ( 4 1 1, 0 These are onh i few of a long series, 
of whuh the lower members (the examples gum) are gasi's , 
then follow a series of liquids petroleum spirit pertfiln oil 
burning oil and \aselme , and finille solids constituting pirafim 
wax Thc\ contain onl\ carbon and hydrogen bung termed 
therefore hydrocarbons 

I he p traffins o< cur in niturcm hrge quantities and (onslilute 
thr raw mitcrul of the immense petroleum and parafiin 
industry 1 he following table contains a list of these Irwlro- 
carhons with their formula* milting-pouits boiling-points and 
specific grumes Thee form an excellent illustration of * 
homologous senes W ith increasing moltudir weight thee 
clnngc their physical properties passing from gases to liejuids 
and then to solids , hut thc\ yar> little in their chemical 
properties This gradation is characteristic of ill sueli series 

CoWsCl PL Or? Cliem B* 
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Par Arri ns— C„I I 4n+ » 


Formula. 

Name 

Melting 

point 

lioihn^ 

point 

Specific 

grant} 

CII 4 

Methane 

- ise 

- 164° 


415 

At ll p ; 

c*n c 

Ltliane 

- 172 

- go° 


446 K i 

c 3 h 8 

Propane 


- 


536 


LjIIjo 

Normal Butane 


h I 




Isobutanc 


- 17° 


— 


1 c.iij. 

Normal Pentane 


+ 36- 


6 33l 



Dimethjleth)lmeihane or J 


+ 28° 





Isopentane 1 







Tctrametlijlmetbane 01 | 


h 10° 





Neopentane j 






c s ii„ 

Normal He\ane 


69° 


677 

% 


Dnnetht lisopropylmethane 


58° 


679 

' *_» 


£)unenippfap3 lifiethane 


62° 


- 672. 



Methy ldiethy lm^thane 
Trimethy leth} lmethanc 


64° 

48° 




1 c 7 ii m 

Heptane 


98° 


700 



Isoheptane 


9° 


697 

O 

I C 8 II lg 

Octane 


Iz 5 


718 

. 

, C9II20 

Nonane 


I 5°° 


733 

< 

1 Ci 0 H > 

Decane 


173° 


745J 


^11^24 

Undecane 


195“ 


774^ 


. L’ijiLc 

Dodecane 


214° 


773 


C 13 II !8 

Tridecane 


234° 


775 



1 etradecane 


252 0 


775 


CjoHgj 

Pentadecane 


270 0 


776 


QgH,. 

Ilevadecanc 

IS- 

* 7 ° 


775 


CijH 3(i 

Heptadecane 

22° 

303“ 


777 

c 


Octadecane 

2S 

3i7 


, 777 

3 

c, fl Hjo 

Nonadecane 

32“ 

33°° 


777 


OjoHjo 

Etcosane 

37 ° 

2°;>°1 


77S 

c? 

c 21 H 4J 

Ileneicosane 

4°° 

2IS° 


778 

h 

CwHjo 

Docosane 

4+° 

224 

5— 

778 

E 

OsS^43 

Tncosane 

48° 

234 0 

cr 

it 

779 


1 

Telracosane 

5i° 

243° 

0 

s- 

779 









Co HjW 

Heptacosane 

6o° 

270° 

£ 

O 

DO 



Uentnacontane 

6S 

302° 

ir 

7S1 


C S H« 

Dotriacontane 

70 

310° 

< 

7S1 


Csill-j 

Pent'itriacont'ine 

«■ 

3jI°J 


•'-I 

00 

to 
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The paraffins aie known as alipha tic-hydrocarbons to distinguish 
them from aromatic hydrocarbons which foim a separate gioup 
(p 241) Thgir derivatives are termed aliphatic compounds, from 
the fact that many important memlR^rr^TCTTouncI ""among the 
fats ( aXeufiap) fat) , or sometimes - ^envaOV(fs^or"^harsli-gas , 
which is the^simplest representative member of the series fn 
the same way the aromatic hydrocarbons give rise to the aro- 
matic_compounds or derivatives of benzene, which is the parent 
substance of the latter series 

Nomenclature — The names of the first four members are 
derived fiom those of the alcohols containing the same number 
of carbon atoms, “ methyl,” “ ethjl,” “ propyl,” and “ but} 1 ” , 
the remainder are indicated by the Greek numeral correspond- 
ing to the number of carbon atoms present The names of all 
the paraffins terminate m “ ane ” Several members, it will be 
observed, are represented by two or more substances These 
have the same molecular formula but a different grouping of 
their atoms They are therefore-i somenc-vUith-oue-ajiothcr. and 
are termed isomers or isomendes The difference in atomic 
arrangement will be discussed later (p 94) 
p The paraffins are formed by the natural process of decay of 
iA f egetafile^ and~^ animal m atter: Marsh-gas, which is found 
TiuBlSfing up fromstagnant water, is produced by the action of 
organisms on cellulose or woody fibre, and the reaction may be 
represented by the following equation 

(C(iH 10 O fl )„ + «H.O = ( 3 CO,) (l + ( 3 CH 4 )„ 

Cellulose Mirsh 

Paraffins are also formed by the decomposition of animal and 
vegetable matter by heat, as in the destructive distillation of 
wood and coal , but the most plentiful source is the petroleum 
wells 

The Petroleum and Paraffin industry — The oil deposits 
found m different parts of the world yield what is known as 
petroleum, earth oil, rock oil, or mineral oil The origin of the 
oil has been variously attributed to the action of steam on the 
iron carbide of subterraneous mineral deposits (Mendelejeff), 
which acts like water on aluminium carbide (sec p 92), and to 
the decomposition at high temperatures and under pressure 
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of the remains of marine or vegetable life The petroleum is 
found in sand or conglomerate known as “ sand rocks,” and is 
obtained by boring and pumping 
American petroleum was discovered m 1859 by Colonel 
Drake, m Pennsylvania. It has since been found m Ohio, 
Colorado, California, Canada, and other places The crude oil 
is carried to the sea coast along iron pipes, some of which are 
over 1,000 miles long Here the oil is fractionally distilled in 
large iron stills and purified It is divided into the following 
fractions, which are recognised in the trade by various 
names 


Name. 

Fraction 

Specific 
gnu it} 'itis 

Constituents 

Per 

centage. 

Cjmogene 

Rhigolene 

Petroleum ether, or Gasoline 
Petroleum naphtha, or Ligrom 
Petroleum benzine,! or Benzo 
line 

Kerosene Photogene, or Burn 
ing Oil 

Lubricating oil 

Vaseline 

Solid paraffin, or paraffin »ai 

B p 

O 

18 

40-90 

90 -120 

120 -I50 

150 -300 

A 1 p 

45 - 6 j 

j-o 636 

0 642-0 648 

0 64B-0 692 

0 692-0 730 

0 790-0 810 

' 

CsHia— C sHh 
CcHh— QjHjs 

CgHia — C9H50 

CiqHoj— C|gHh 

-165 

S\ 0 
i? S 

2 0 


1 Not to be confused w ith coil tar benzene 


Cymog enejs liquefied by pressure, and by its rapid evaporation 
lowers the temperature and is used for making ice, rhigolene 
is used in surgery to produce local insensibility by freezing, 
petroleum ether and ligroin are used for dissolving and extracting 
fats and oils , and benzine is emploj ed for a similar purpose in 
dry cleaning Petrol, which is used in internal combustion 
engines, has a boiling-point of 70° — 140° and a specific gravity 
of o 705 — o 740 

The kerosene is purified after distillation by agitating it with 
concentrated sulphuric acid and afterwards with caustic soda 
solution and redistilling The quantity of this fraction may be 
increased by “ cracking,” that is, by heating to a high tempera- 
ture the portions of higher boilmg-pomt, which then break up 
into products of lower boiling-point It has a specific grautv 
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of 0S00 — 0870 The annual output is about 2, 500 million 

gallo n^. 

Russian petroleum is found in and around the town of 
Baku, which stands on the peninsula of Apsheron on the Caspian 
Sea The so-called “ eternal fires of Baku ” attracted the 
fire-w orsluppers as earl) as 600 n c Marco Polo described them, 
and an English traveller, Han way, in 1754, gave an account 
of the inflammable vapour with which the ground in the district 
was saturated 

Sistematic working for oil began in 1813, but the output was 
restricted by Go\ernment monopoly , which was abolished m 
1872, and in the following jear Nobel Brothers started their 
immense works The total quantity of oil produced annually 
is about 2,250 million gallons The oil differs from American 
oil, both m its character and m the conditions under which it 
■occurs It is contained under great pressure, so that in sinking 
the bore-holes, the oil is frequently driven out to an enormous 
height The great Droojba well spouted for four months an oil 
column from 100 to 300 feet -high, which ran to waste, and caused 
a loss of about 100 million gallons Occasionally the wells take 
fire and burn for many weeks The oil is dislillcd and purified 
like the American petroleum Russian oil contains less of the 
lower boiling portions than American oil It consists on the 
average of 


30 per cent illuminating oil 
30 per cent lubricating oil 

35 per cent solar oil, or ostatki, a hca\ y oil used for fuel 

and a small quantity of solid paraffin 

The illuminating oil has a higher specific gravity than the 
American oil (o 820—0 825) (p 84) 

Paraffin industry in Scotland. — The origin of the paraffin 
industry is due to James Young, who discovered a petroleum 
spring m Derbyshire m 1848 , but the spring shortly aftenvards 
becoming exhausted, he looked about for fresh sources of supply, 
and found that a bitammons^sha lc occurrin g m Scotland — the 
cc ebrated Torbanehill mineral— would yield paraffin oiUon 
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The shale is distilled by a continuous process in long vertical 
retorts, the upper portion of which is of iron and the lower of 
fireclay, the fresh shale being supplied through the top and the 
spent shale withdrawn at the bottom Fig 31 represents a vertical 
section of a retort The inflammable gases, ammonia, and oil* 
pass into the h ydraulic main , and thence into coolers where tlie'j 
tar is deposited, the ammo nia_bemg collected as in a gas- work s, 
and the inflammable gases used for fuel and illumination About ' 
30 gallons of oil are obtained from 1 ton of shale The viscid 
and tarry-looking oil is redistilled to remove the portions of 

lower boiling-point, and purified by 
treatment, first with strong sulphuric \ 
acid, uid then with caustic soda It \ 
is again distilled, and the distillate is 
separated into 

Naphtha 

Burning, or paraffin oil 
Light mineral oil 
Residue 

The residue is treitcd for paraffin- 
wax or scale It is first fro7en, when 
it becomes semi-solid, and then passed 
through a filter press The filtrate 
is a viscid liquid, and is used as 
lubricating oil The scale is pressed hot to remove adhering 
oil, and finally sweated. This process consists in placing the 
wax in large cakes on a sloping table m a heated chamber, 
whereby the low'er melting portions run away, lea\mg behind 
a much firmer material The wax is a mixt ure of paraffins, 
and melts between 45 0 and 70° It is chiefly usecTmThe manu-^ 
facture of candles About one-half of the 40,000 tons of paraffin 
wax produced annualh is derived from Scotch shale 
The substance known as Ozokerite is found m mines in Galicia, 
and consists mainly of paraffins It is used for medical purposes 
ana a preparation of it, resembling beeswax, is sold under the 
name of cerasme 

Petroleum and paraffin oil as llluminants — Thg intro- 
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duction of petroleum and paraffin oil as illummants has effected 
a resolution in the construction of lamps The old^.Roman 
lamps, like the one represented m Fig 32, m which vegetable 
oil was used were always shallow" 

\essels because the low capillarity of 
the oil restricted its ascent of the wick 
If a deep vessel w ereused, the oil, when 
exhausted to a certain lei el, would 
cause the flame to be extinguished I ir 3= — Term cotta Iucern-i, or 

Roman lamp from Lanuwum 



Expt 56 — The fact just mentioned 
is easily demonstrated by filling a separating funnel with colza 
oil (rape seed oil), and inserting a wick into the neck The wick 
is lighted, and the oil allow ed to trickle out below (T ig 33) As 

the le\ el of the oil descends the light 
is slowly extinguished In con- 
sequence of this, various mechanical 
contmances were introduced in moie 
recent times to maintain a constant 
level m the oil reservoir The intro- 
duction of mineral oil permitted the 
use of deeper reservoirs 

The JimunosiU_<3L Jh e flame has , 
moreov er, been greatly intensified Jbv 
t he introd uctio n oTflat w icks^ajid 
g lass chimney s which, by promoting 
a rapid current of air round the 
flame, effect more complete combus- 
tion, raise the temperature, and 
thereby increase the luminosity In' 
consequence of the large consumption 
of paraffin oil for lamps, and the 
danger of explosion from the use of 
too volatile an oil, which maj form 
'arT'TfCplosnV mixture with the air 
inside the reservoir, the Government 
i nsist up o n a certain standard q uality -, 
which is determined b> the ""flash-point 1 The standard 
apparatus is shown m Fig 34, and the method is known as 
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t Abo l tgsfcegt The apparatus consists of a cylindrical metal cup, 
4- surmounted' by a metal cover, holding a slide, which opens 
' or closes apertures m the cover In moving the slide so as to' 
uncover the central hole, an oscillating lamp is caught by a pin 
fixed in the slide, and tilted in such a way as to bring the nozzle 

just below the surface of 
the lid When the slide is 
pushed back so as to cover 
the hole, the lamp returns 
to its original position 
The vessel is charged to a 
certain height with the oil 
to be tested, and a ther- 
mometer inserted through 
the cover, the bulb of 
which -is immersed m the 
oil The vessel is heated 
in a specially constructed 
water-bath, and as the 
temperature of the . oil 
rises the slide is occasion- 
ally withdrawn, so as to 
expose the interior of the 
cup to the jet of flame 
When the vapour ignites,^ 
the temperature is ob- 
served, and this is the, 
flash-point 

The lowest flash-point 
by Abel's apparatus per- 
mitted by the Board of 

Fir 34 —The Abel flash point appanttls Trdde jg p ^ b „ t , t , s 

now generally recognised that this minimum iiSTbccn fixed too 
low 

On e of the mo s t common sources of dange r in the jjs c_ of 
oif lamps is that aris ing from the burning down ol a* loosely^, 
fitting nrwT iS'nof immersed 
in the oil _ Such a wick may smoulder withirf thcrreserVoir, and 


1 
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occasionally fire an explosive mixture of paraffin vapour and air | 
This danger is easily avoided by examining the wick occasionally 
and renewing it before it becomes too short 

Expt 57 — Poui a few c c of paraffin oil into a large flask with a 
wide neck, lieat the oil strongly, and blow a little air thiough with 
a bellows If a piece of lighted wick, or roll of paper, be diopped 
111, a vigorous explosion occurs There is no danger of shatteung 
the flask 


^/Physical and chemical properties of Paraffins — The 
' paraffins are specifically lighter than water, and being insoluble, 
they float on water The lower and more v olatile members 
have a peculiar and not unpleasant smell 
Stron g and diluteT mineral acids have little action on the 
paraffins, and they are unattacked by oxidising agents _ It is 
owing to this indifference to most reagents that the term paraffin 
( partim , little , affims, affinity) has been applied 

Expt 58 — Shake a little petrol with concentrated sulphunc 
acid in a test-tube and again with a little strong nitric acid No 
heat will be given out, and on pouring the contents of the test- 
tube into water the petrol will float on the surface unchanged 


Addition and. substitution — Chlonne__and -hrnmi n p hu t 
not iodine co mbine^ directl y with the paraffins, .. and the action is 
promoted by light This combination is unlike that usually 
denoted by the action of chlorine on carbon monoxide 111 the 
formation of carbonyl chloride, or phosgene 

CO + Cl 2 = COC 1 , 


Carbon>) chloric!? 


\ 


Here the molecule of carbon monoxide unites with the mole- 
cule of chlorine, without the separation of any part of either 
molecule Such a union of molecules produces an „ additive, qe _ 
addition,_c omp.oundJp 52) But when chlorine or bromine acts ' 
upon a paraffin, hydrochloric ojr hydrobromic acid is invariably 
evolved The rate is greatly accelerated by exposure to light 
The action of chlorine on methane is represented as follows 
CH 4 + Cl. = CH3CI + HCI, 

Monochloromethane, 
or Methyl chloride, 

£nd not by the equation 

CH 4 + Cl. = CH 4 C 1 , , 
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E\pt — (i) Add a few drops of bromine to two test-tubes of 
petrol Leave one test-tube m the dark and expose the other to 
► the light Note the rate at which dccolonsation of the bromine 
jLoccurs (2) 1 ake a long glass tube closed at one end, fill it with 
strong brine and invert it in a vessel o f brin e Sufficient chlorine 
is now' intToduccd to fill it onc-third fulT Mark the height with 
a strip of paper or rubbei ring Now pass m an equal volume of 



marsh-ga s prepared as described on p 92, 
mth 


and indicate the level of the liquid by 
another strip of paper The appaiatus is 
show 11 in I ig 35 It is left m diffused 
light (blight sunlight may cause an explo- 
sion) Aftei several hours the mixed gases 
w ill be found to occupy about onc-lialf the / 
01 iginal volume As equal volumes '"of the 
tw o gases contain the same number of mole- 
cules, the equation may be w nllcn 


CH, + Cl, = HCI + CII 3 C1 

I \ ol 1 \ol I \o\ I \ol 

or 1 mol or i mol or x mol or x niul 


As hydrochloric acid is absoibcd bv the 
brine, only the methyl chloride, CH,C 1 
remains, which occupies half the oiigmal 
volume 


Substitu tion — Substances which, like 
to the paraffins, lose hydrogen m the form 

— — — of hvdracid when they enter into combina- 

1,0 35-Act.o„^chi° rin e tjonwith the halogens, are termed saturated j 
compounds, and the process of replacement 
of hydrogen by a halogen is termed su bstitution. The pro- 
ducts obtained by substitution are know n/lfs substitution 
products The term substitution is not con 5 ri£d to,,t he exchange 

of .hvdrogen Jor'Clilonne^)r,brojninc, XhG exchange of hydrogen 

""for oxygen or any other element, .-or of one group of elements, 
for another, is sometim es-termed substitution The process has 
ow— test its original theoretical significance It played an 


— n 


important part m the overthrow of the duahstic theory 1 

This process of substitution- effected by the action of chlorine 
on the paraffins will continue, provided enough chlorine is 
1 Vide E von ^Meyer, History oj Chemistry (Macmillan) 
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present, until the whole o£ the hydrogen is replaced by chlorine 
For example by the further action of chlonnc on methyl chloride, 
the following products arc formed 

CH 3 C1 + Cl- = HC1 + CHjCl. 

UiJiloromctlnur or 
Metlijlcnc Jiloruli. 

CII.C1.,+ Cl- s= HC1 4- (. HC1, 

1 ncMuromctlnnc 
or Chloroform 

CIIC1 3 + Cl. = HC1 + CC1 4 

UctnchloromcllmiL or 
Carbo n Ict rtclilonclc 

I3\ the aid of Kekules two theories, or principles, which 
ha\c already been discussed (p 76), we arc able to account 
for the existence of all the members of the paraffin family, and 
indeed, of the majority of organic compounds, as we shall 
presently see Let us next lake the case of two atoms of carbon 
united or linked together , one bond of each is thereby utilised, 
leaving six bonds free for union with other atoms 


1 I 

— C-C— 

i I 

If these bonds arc united to hydrogen atoms, the formula 
C-IIc is obtained, which is that of the second member of the 
paraffin scries Three carbon atoms utilise four bonds in effecting 
a linkage between themselves, leaving eight bonds free Hence 
the third member of the paraffins is represented by the formula 


-C-C-C— 

1 I I 

If we continue to build up chains of carbon atoms on this 
principle, we shall find that each end carbon atom of the chain 
lias three available bonds, whereas each of the middle carbon 
atoms possesses only two If, therefore, « is the number of 
carbon atoms present in the compound, there will be 2W bonds 
available for each carbon atom and two extra for the two end 
carbon atoms, making 2M+2 available bonds If, as m the 
paraffins, these available bonds are attached to hydrogen, the 
general formula for the paraffins will be CnU 2n+2 
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Having now reviewed the chief sources and principal 
properties of the paraffin family, we will consider in greater 
dctaij^the characters of a few of the more important members 
//Methane, marsh-gas, or fire-damp, CII 4 , as the only 
hydrocarbon containing o ne atom of carbon It is found rising 
fromT augnant w ater, and in the gases from oil wells It is 
^ frequently present in coal-pit s, especially during a sudden fall 
in atmospheric pressure, when it diffuses from crevices and old 
workings It is also fo rmed by the distillation_of coal and forms. 
about 40 per cent by volume of coal-gas It is an interesting 
~TlacrtfiSt *methane can be obtained bv the direct u nion o f carbon 
and hydro gen at_ L2oo °, or by means of an e l ectric discharge 
betwecn-carbon-poles-in _an atmosphere of hyd rogen 
Methane can also be obtained by passing carbon monoxid e, 

- or carbon dioxide, mixed with hydr ogen, o ver finely-divide d^ 
nickel .heated to about 300“ "" 

s CO+~3H 2 = CH 4 + H ,0 

Methane 


It is usually prepared by he atin g together f used potas sm nujc 1 
sodium ace tate— with-soda -hmc as already described (p 60) , 
C„H,O.Na + NaOH = CH 4 + NaXO a ^ 

Sodium ncet'ite Methane 

But a more convenient method is to decompose-^aluminium 
carbide with water 

A] ^ + j 2 h 2 o = 3 CH 4 + 4 AI(OH) 3 

i/Bxpx 60 — Preparation of Methane — The aluminium carbide 
is spread over a layer of sand in a large flask furnished with a 
rubber stopper having two holes and carrying a dropping funnel 
and delivery tube Dilute hydrochloric acid is allowed to drop 
slowly on to the carbidlvwBereapOTi metlianeTs evolved, and, after 
&x p ell ing-the air may be colle cted over water The gas may be ' 
liquefied, if liquTd air is avafiableTBy drying it through calcium 
chloride and then passing it through a narrow U-tube, also fur- 
nished^ the exit end with a drying tube, and cooled in liquid air 


''vJr'rot 


Properties of Methane — -Methane is a colourless gas, with- 
out smel l It condenses to a liquid at - 164° under a pressure~of 
760 millimetres When the pressure is suddenly released, the 
liquid boils, and then solidifies, the temperature falling to - 186 0 
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The sp gr of liquid methane at o° is o 554 The gas hums with 
a non-luminou s flame, and explodes -violent ly when mixed with 
jait_or oxyg en and fired Methane shares the general properties 
of the paraffins m being unaffected _.by most reagent s Sul>_ 
stitution takes place with chlorine and bromine, as already 
explained (p 89) 

(/-‘'Composition of Methane —The simplest way of deter- 
mining the composition of methane is to explode in a eudiometer 
a measured \ olume of the gas with an excess of air The con- 
traction in \ olume determines the quantity of hjdrogen, and 
the further contraction (on adding potash, to absorb the carbon 
dioxide) gives the amount of carbon 

CH 4 + 2O. = C 0 2 + 2H 2 0 

I NO\ , 2 \ols. f 1 \Ol , 2 \oU., 

or 1 mol or 2 niol:> or 1 mol or 2 mol* 

Now, water-\apour contains its own volume of hydrogen 
If, therefore, for i \ olume of methane taken, 2 volumes of gas 
disappear after explosion, the diminution in volume corresponds 
to 2 volumes of hydrogen =*2 molecules or 4 atoms of hydrogen 

In the same way, 1 volume, or molecule, of carbon dioxide 
contains 1 atom of carbon As ev ery v olume of methane giv es 
1 volume of carbon dioxide, the formula of methane will be 
CII4 By this method both the composition and molecular 
weight of methane are found without previous knowledge- of 
1 of the constlt uents or the density of the gas 

U'^E thane, or dimethyl, CII 3 CH 3 , occurs with metha neun the 
SSses^from-.petroleum-Aivells It is forme d, by the reduction o f 

SthyUodide (p 45 )^dJbvJ:he^tiojaj)f,so dium J .or zmc,on methyl 
jodide (p 77) J 

It is a c olourless g as which can be liquefied at 4 0 under a 
^pressure of 46 atmospheres 

^ ^Propane, or ethyl methyl, CH a CH a CH„ is also a con- 
/ gas„ It maybe prepared hj JbZn 3 X 3 S£S~ 

0 P r Qp)ljodidePC^T 3 -I, with the zmc^copper couple , or by the 

action ot sodmm_on-ii_inix±ure-of: me thv'l-iodida.and ethvl iodid5 

oth ethane, C 2 H c , and butane, C 4 H 10 , are formed at the same 
time 

CH 3 CH 2 I -f Na 2 + I CH 2 = CH 3 CH„ CH 3 + 2NaI 

Eihjl iodide. Meth>l iodide Propane 
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As in the case of ethane, the structure of propane is confirmed 
bj this synthesis 

^IJButane, C 4 H 10 — If reference is made to Table I (p 82), it 
will be noticed that there are two substances with the formula 
C 4 H 10 , viz normal butane and isobutane The two compounds 
are therefore isomeric Their chief difference lies in their boiling- 
points, normal butane being liquid at +i°, whereas isobutane 
can onh be liquefied at the ordmarj pressure at -17 0 More- 
over, the products obtained from each by the action of chlorine 
and bromine have different properties IIow is this difference 
to be accounted for ? It is a question of atomic arrangement ' 
The structure of normal butane is determined bv synthesis fromj 
ethvl iodide and sodium, and has therefore a straight chain o (J 
carbon atoms ' 


H H H H H H H H 

II II I I I I 

II — C — C — I-j-Na»-fI — C — C — H=H — C — C — C — C — H+aNal 

II ' II I I I I 

HH HH HHHH 

I III) 1 iodide rthjl iodide Iliitine 


This substance may therefore be termed diethyl, C 2 II 6 CfJI 5 j 
We may consider the formula of normal butane to be dem ed 
from that of propane by the addition of a carbon atom, with its 
accompam ing hydrogen atoms, to an end carbon atom of 
propane But there is a second possible arrangement of 4 
carbon atoms and 10 hjdrogen atoms, forming, not a straight, 
but a branched chain, thus 


H 


1 

H-t 

h 

H 

I 


1 

r ( 

LX 

1 1 

H 1 

l & 


Nohmane 


This second formula ma\ be dcri\ cd from propane b\ attach- N 
mg i fourth carbon atom to the middle carbon atom of propane 
It represents a central carb on atom attached to 3 m ctln 1 groups - 
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or metlnnc in which 3 Indrogcn atoms are replaced In 3 tnctlnl 
< r roups 1 1 111.H therefore he termed trimethj lmethane^ Cl l(CU n ) 1 

/'''•-JPentane, C,IT t . — X his formula stands in I able 1 (p S2) for 
three compounds which torrespond e\actl> with the theoretical 
number of combinations of 5 carbon atoms One arrangement 
is produced b\ Hiding a fifth carbon atom to one of the end 
cirbon ttoms of norm il but me 

H II II H II 

I I 1 I i 

il-— C— t— ( — r- c-ir 

ilii 

II n 11 11 n 

\ rnnl |v-nt i it. 

This structure is present m norm il pentane \gain the 
additional carbon atom nm be attached cither to an end or 
middle carbon atom of isolnilane and in cicli case a different 
grouping will result 


II 

II — C -II 


II 

1 

II— C— II 


H 

O 1 

H— C — 

1 

1 

-C — 

II 

1 

1 

II 

! 

— C— 1 1 

II 

1 

it r r 

II 

1 

' Q 

1 

1 

II 

I 

H 

! 

II 

S' * 1 

\ 

II 

1 

II 

j 1 

11 





II— c 

1 

1 

»— f 
I-H 





II 


Hojv'ntm 


N (nptnf'iic 


The first is called isopentane, or dimethylethylmethane 
C.II 5 IT C (CII 3 ) 2 , the second neopentane, or tetramethyl- 
methane, C(CII 3 ), 


QUESTIONS ON CHUTTR MI 

1 "hy the general formula of the paraffins m icprc- 
sented bj C„II 11 + 2 What would ,1 be if the \apour densitx of a 
parctTm were found to be 57 ? 

2 1 low w onld 3 011 determine the puntj of a sample of methane > 

S!Sj? ale tho Proportion bv \0I11me of methane, In drogen 
and nitrogen 111 a mixture winch ga\e the following data on 
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analysis — io c c of gas were made tip to go c c with air and 
exploded The volume then measured 73 75 c c , and aftei 
absorption by potash, 6g 75 c c Temperature and pressure were 
throughout constant 

4 What is meant by the flash-point 7 How is it determined 7 

5 Write out the structural formul 1 of the isomeric hexanes 
(C 0 H h ), and name them 

6 Explain the meaning of the terms normal, iso-, and neo 
paraffins How' has the structure of ethane been determined 7 

7 Give a method by w Inch mat sh-gas can be prepared What 
are its properties ? How would you obtain pure methane from a 
sample of coal-gas (methane liydi ogen, carbon monoxide carbon 
dioxide, and ben/cnc) 7 

8 How would jou ascertain the composition and also the 
molecular weight of maish-gas 7 

9 Discuss the industrial uses of the paiafliw: What are the 
natural sources of these substances 7 

10 Describe the physical and chemical properties of the 
paraffins 

11 Explain the following terms additive compound, substitution 
product, satin ated hydtocarbon 

12 What is the chemical character of petrol 7 Why does its 
boiling-point not remain steady as the boiling proceeds 7 State 
what is meant by the flash point of petrol and explain the principles 
and methods used in its determination 

13 What is meant by the " law of substitution ’ 7 Gi\ e some 
examples showing its application m the determination of the 
valency of carbon 

14 What are the general properties of the paraffins 7 How is 
ethane prepared 7 

15 A mixture of hydrogen marsh-gas and nitrogen was mixed 
with air and exploded, and the residual gas submitted to the action 
of potash From the following data calculate the percentage of 
the three constituents in the original mixture — 

Vol of mixed gases 14 2 c c 

Vol of air added 83 4 „ 

Vol after explosion 74 2 , 

Vol after absorption with potash 68 2 „ 

16 The molecular w'eight of a paraffin was determined by the 
boiling-point method from the following data o 1645 gram 
dissolved in 8 685 grams of benzene laised the boiling-point o 135° 
(Coefficient for benzene =26 1 ) Give the formula 
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THE HA.LOGEN COMPOUNDS 

The halogen derivatives of the paraffins are formed, as 
■ft e have seen, b y subst itution — that is, by the direct action of / 
chlorine and bromine on the paraffins m presence of Jj ght*- 
The iodine derivatives cannot be obtained m this way The 
^iner tnes s of iodine is usually attributed to the liberation during 
the process of h)dnodic acid, which, by its strong reducing! 
action, immediately com erts the iodine den vatu e into the j 
ongmal paraffin This action is represented in the case of j 
methane as follows 

CH 4 + I, == CH 3 I + HI 
CH,I + HI = CH 4 + I 2 

According to the number of hydrogen atoms of the particular 
paraffin which are replaced by the halogen, the compounds are 
known as mono-, di-, tri-, etc , halogen derivatives of that 
paraffin 

Monohalogen derivatives — The most important of these 
\ substitution products are the monohalogen compounds^ The 
following table contains the names molecular formulae, and 
boiling-points of the first four members' The general formula 
is C n H 2 n + xX, m which X stands for the halocen atom 
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TABLE IT 

MONOllAlOl l-X DHIUmk Of Ml IIIANF, TIC, C„H. B+ ,\ 


Methjl clilonde, or Chloromethanc 


"P. 

-24 

Ethyl clilonde, or Chlorctlianc 


12° 5 

Propel chloride, or Chloropropmc 


44 ‘ 

Isopropj ! clilonde, or Isochloropropanc 


36 * 

Mcthj 1 bromide or Bromomcthanc 

Ethyl bromide or Brometlianc 

CH a Br 

4 ° 5 

CJl.Br 

38“ 

Prop} 1 bromide or Bromopropanc 

C a H-Br 

71 0 

Isopropyl bromide or Isobromnpropane 

C,H Br 

TO’ 

Ale thy 1 iodide, or Iodomctlnnc 

Ethji iodide or Indothmc 

CHJ 

13 * 

C.HJ 


Propyl iodide or Io lopropnnc 

C'JI.I 

102° 

Isoprop}! iodide, or Isoiodoprop-inr 

t a III 

80“ 


The most lomemcnt method for preparing these compounds 
has alrcad\ been dcseribed (p 30), narnth, h\ the action o f 
/L . the halogen aeid or phosphorus h dide on .the .alcohol, and this 
method is in\ariabl\ adopted where the aleoiiol is arailable 
Propyl and isopropyl halides — B\ reference to Table II 
it will be seen that the halogen eompounds with 3 carbon atoms 
exist in two isomeric forms, which arc readih distinguished 
by their properties boiling-points, specific gra\ities, etc , and 
by the nature of their dcrivatncs The isomerism here is 
accounted for on the same principle as that of the two isomeric 
butanes (p 94) The atom of the halogen, which we may denote 
by X, may be attached, like one of the methjl groups in butane, 
either to an end or middle carbon atom f 

CHj CH. CH a X CH 3 CHX CH, , 

The propyl and isopropjl halides are prepared from the re- 

1 1 spectivc alcohols (p 107) x isoprop} 1 iodide is mp.st easih -obtamed 
hv the actio n of Jiydriodic^acid»on^glycejyn 

CjH 8 0 3 + 5 HI = C 3 H-I + 3 H ,0 + 2I. 

Gl>c«nn Isopropjl 

iodide 

Butyl halides — Each of the butjl .halides exists 111 
fo ur isom eric forms , the structure of tw 0 of these maj be 
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demed from normal butane and the remaining two from 
isobutane 


CH,X.CH,XH.CH 3 

CH 3 CH- CH. ch 3 C 

hasnZ CH 3 CHX CH, CH 3 

XH. 

_ CH.X CH< 

CH 3 ' ‘ X CH, 

CH, CH/ ( 

n ch. ^ CHs cx / 

^CH. 


,CH, 




(2\ 

( v 


'V 


The position occupied bj the halogen is of some importance, 
and is denoted m the following vav when the halogen is 
attached to an end carbon atom or is present m a group CH.X, 
the group is called a primary group Where the halogen is 
attached to a carbon atom linked to not more than two others or 
in other words forms a group CHX it is termed a secondary 
group Similarly, when the halogen is attached to a central 
carbon linked to three others it forms a group CX which is 
called a tertiary group In the abo\ e example i and 3 contain 
priman '2 a secondare and 4 a tertiary group The position 
of the halogen is denoted by the use of these terms m conjunction 
•with the name of the paraffin Both 1 and 3 are primary 
compounds , but the first is a dem ati\ e of normal butane, the 
second of isobutane The names run as follows — 


CH.X CH- CH- CH 3 normal (primary) but\ 1 halide ' 
CH, CHX.CH. CH 3 (normal) secondary buty I halide 


/CH 3 

CH-X.CH/ 

N CH 3 

CH- CX/ CHs 
X CH, 


primary isobutyl halide • 


tertian (iso)butyl halide ! 


The names in brackets mai be omitted, as their omission 
leads to no confusion 


H 2 
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TABLE III 

Dihalogln Derivativis, C„H 2 n\ 2 


Methylene chloride, or Dichloromethane 
Ethylene chlonde, or symm Dichlorethane 
Ethylidene chloride or unsymm Dichlorethane 

CH„C1 2 

c,h 4 ci, 

c*h 4 ci. 

B P o 

41 

i> 4 ° 

58° 

Methylene bromide, etc 

Ethylene bromide, etc 

Ethylidene bromide etc 

CH.Br. 

Si° 

aH.Br: 

in° 

1 X0° 

Methylene iodide, etc 

Ethylene iodide, etc 

Ethylidene iodide etc 

CH.I S 

CH 4 I. 

C.HA 

182° 
M p 81° 
178° 


Dihalogen derivatives — These compoundb ma) be regarded 
as paraffins in which two atoms of hydrogen are replaced by 
two atoms of the halogen, or as combinations of a divalent 
, radical with the halogen Thus, CH 2 C1» may be called dichloro- 
methane, or it may be regarded as a compound of the type 
of calcium chloride, Ca'CL, in which the dixalent group, CH S ", 
plays the part of the calcium atom, and is united to chlorine 
The names of . the„dvy_alent-or- alkylene jadicals are derived from 
the monovalent radicals, with thejidditional-s_uffix “ -ene ” 

CHn' methylene 
C 2 H 4 " ethylene 
C 3 H g ' propylene, etc 

The compound CH Z CI S is therefore called meth)Iene chloride 

These radicals are not purely hypothetical groups, like the 
monovalent radicals , for, with the exception of the first, they 
represent compounds which exist m the free state They will 
be described later (p 129) 

It may be pointed out that the structural formula for 
methylene chloride admits of two groupings. of the atoms 

Cl H 


H-C-H 


H--C—C1 

A. 


Yet only .on e methylene chloride, biomide . an d iodide is 
known The difficulty is met bj supposing that the four bonds 
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of the ctrbon atom tre not m one plane, but have a space 
arrangement represented in Fig 36 winch must be regarded 
as Mewed 111 pcrspccti\c 

Only one metlnlcnc compound is possible by this structural 
formula There arc, how c\ or much more weighty reasons for 
adopting a space arrangement of the 4 carbon bonds, which 
will bo-considered later 

"Ldithylene ana ethyhdene -compounds — It will be noticed 
in Table III (p 100) that there arc two isomeric compounds 
of the general formula C . 11 4 X S etch one of the pair being readily 
distinguished from the other b\ its boiling-point One is formed 
b\ the action of the htlogtn on ethane, and in other ways 
(p 52), the other In the union of ethylene with the halogen 


Cl 



1 l< ,6 


(p 128) The existence of these isomers is at omc apparent, if 
we suppose the two halogen atoms to be dillcrentlj distributed 
between the carbon atoms 


CH.X 

! ' 
tn„x 


on, 

1 

Cl!\ 


Hie first is termed an ethylene compound or symmetrica] 
d ihalogcn j lcq^aicN e of ethane, thc^jamd an ethylidcnc or 
unsvmmct ncal comp ound. cth\ lenc denoting the di\ alcnt radical’ 
CII/CU-Tand ctlnlidcne the divalent r.ubc il, CII, CH" 
Trihalogen derivatives — Two members of tins group aie 
of great tcehnic d importance ( hlcuoform, or trie hloromet bane, 
and iodoform, or tn-ioclomc thane, arc used m surger\ and 
medicine on tn estensi\ e m iU 

^pkhSroform, CIIC 1 S — This woid is dtmul fiotn the old 
and obsolete name of tin tin alcnt indicalCH" formvl Chloro- 
f I.J cbju^jin^ , ^ and its amcsETc 
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action was first pointed out in 1848 by Simps on, who introdu ced 
it i nto surgery It may be prepared m the pure state by dis- 
tilling chlo ral with cau stic-soda., which yields chloroform -and 
Sodiurrfiorrnate 

The structural formula for chloral (trichloracctaldchydc) 
must at present be accepted It will be more fully discussed 
in a subsequent chapter (p 113) 


H 

I 

1 

NaO 

Caustic soda 


CC1 3 • HCCI 3 Chloroform 



Sodium formate. 


Chloral 


Chloroform is usually manufactured by bo iling ct jnl alcoho l, 
or acetone, with "B leaching "powder and water The reaction 
in" either case is complex, and probably represents a series of\ 
changes The bleaching-pow der maj be considered as furnishing ’ 
both chlorine and lime The alcohol is com erted bj the chlorine 
into chlo ral, which is then decomposed by the lime, as it is 
with anallCali^ into chi oroTorm a ncTcalciurrrT orm atT 

C,H r O + 4 C1„ = C.C1 ,HO -I- 5 HC1 

Chlornl 

^Xxpt 6 x — Preparation of Chloroform — A round 2-litre flask is 
fitted with a cork, through which a bent tube passes connecting 
the flask with a long condenser and receiver The flask is placed 
upon a large sand-bath The bleaching-pow der (200 grams) is 
ground into a paste with vatcr (800 cc) Tifty cc of ethyl 
alcohol or acetone are now added, and the contents 1 heated 
dftmcHsly until the reaction begins The flame is removed for a \ 
time until the reaction li is moderated flic liquid is then boiled > 
until no more heavy drops distil with the water The distillate is 
purified b} exact!} the same process as that described m the 
pi eparation of cthvl bromide (p 30) 

Chloroform j*. 1 lua \ \ , colou rjess_Ji _(iuid , bp 6 i°-<» 2 0 , in p 
-632°, and sp til i 525 It is non inflmuna bh When pun, 
drv chloroform jS-t^poscd-to .sunTighr lind air, and" tspecialh 
when -calcium-* UMwdc — \i m, f m rhlonnc an d ear bom 1 
Uilonde-jiL.rapIdHliQunc~dJ 

2CIICI5 + 30 = 11.0 + 2COU. + CL 




Utl 


THL HALOGEN COMPOUNDS 


103 


The ^dditiaruof-about _i per cent of alcohol arrests this, change, 
but even then j tL.is-desir-able-tQ_keep.the. li quid m.the dark, and_ 
the bottle filled to the neck 

The presence of the products of the abo\e decomposition is 
readily ascertained by adding s ilver nitrate solution, which has 
no action on p ur.e_chl oroform , but forms silver_c hIondc— wdien- 
either car hnn yl r.hlnnde nr .chlorine is presen t For anaesthetic 
' purposes the presence of either impurity is extremely dangerous 
Chloroform should leave no , resid ue^on e\ aporation, / 

'’ The'preSence'orcldoroform is detected by its smell A more 
delicate test is known as the phenyl carbamme , or isocyanide 
reactio n This test depends upon the action of chloroform upon 
aniline in the presence of caustic potash, which gives phenyl 
carbamme, a compound with an intolerable smell " "" ' 

''cHci^ + 3KCI + 3H.O 

Aniline l’hcnjl cirbamine 


Expt 62 — The following reaction should be performed m a 
fume cupboard Bring into a test-tube twp-jdro ps of chloroform , 
one drog^of^aniline.^and 1 c c of alco holic p otash (caustic potash 
dissolved in alcohol^ ancPwarni Notice the smell of phenyl 
carbamme^ — 



oform, CHI 3 , is prepared _Jrojn_jaIcoh ol or acetone by. 


the action of iodine and an alkali (p 25) The process is prob- 
ably analogous to the formation of chloroform 

— Preparation of Iodoform — Ten giams of crystallised 
sodium carbonate are dissoh ed m 50 c c of w r ater Five c c of 
ethyl jalcoh ol arepolire<i,mto tlie solution, and then five grams of 
-i odine gr adualiw-added The liquid is kept at 6o°-8o°, when 
iodoform gradually separates out 


A 


Iodoform is decomposed, on boiling with caustic alkalis, into 
potassium or sodium for mate . 

A koh /Oir .011 

JICHI+KOH -> IIC^-OH -» HC< -f-IT.O 
\I KOH >OH V) 

lefdoform Ortho formic acid formic acid 

(not known) 

i Hence in preparing iodoform with caustic alkali m place of 
jthc carbonate, it is desirable not to boil the solution 
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Iodoform is also prepared com mercially .by the .electrol) sis^f 
a solution of potassium iodid e in presence of alcohol or acetone 
'""On* electrolysis, hydrogen is evolved, and iodine fs liberated 
from the potassium iodide, which, in presence of.J the_alhali. 
acts upon the alcohol or acetone m the ordinary wa-\ 

2 KI -tyH JO = 2 KOH + H. + I, 

Iodoform crystallises in lemon-yellow, hexagonal plates or 
star-shaped crystals, which ha\e a characteristic appearance 
under the microscope It is used in medicine and surgery' as 
a st rong antiseptic and disinfectant , but, on account of its peculiar 
and unpleasant smell, other organic iodine compounds have 
been prepared as substitutes It ^melts at iiq° and at the 
same time sublimes 

Carbon tetrachloride, CClj, is now manufactured on a com- 
mercial scale, and is used as a solven t It is obtained by: the 
action of chlorine on carbon dis ulph ide^ in the presence .^ oP a 
little metallic iron, w inch assists the reaction, as a “ chlorine 
carried /» Wpw 

CS 2 + 3C1 2 = CC1 4 + S_CI s , 

CS, + 2SX1 2 = CC1 4 + 6S, 


Carbon tetrachloride is a c olourless liquid, with a sweet smell 
like chloroform It boils at 7&‘~77° It does not decompose 
in s unlight l ike chloroform 

feneraf properties of halogen derivatives — The physical 
- properties of all the halogen derivatives may be gathered from 
a study of ethyl bromide, or of chloroform They possess a 
sweet , penetrating smell and are specifically heavier than water. 
in which they' are -in soluble They jlo not burn readily , and ] 
indeed some, like chlo roform, are not inflammab le A few of ) 
them are"use3 as anaesthetics.. either for inhaling . like chloroform, 
or for pro ducmg_Jocal. i nsensib ility by freezing, like methyl 
and ethvl chloride (p 28 ) 

"v/Quantitative estimation of halogens — Canus's method. 
The method of Carius, which is usually' employed, consists m 
oxidising t h e substance with fuming nitric acid under pressure 
in prftsenrp nf.sihpr nitrate The siher lialide which is form ed 
is then— sepa rated bv filtration and weighed A thick-walled 
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tube is sealed at one end, and a few c c of fuming nitric acid 
introduced together with the siher nitrate 
crystals The substance is weighed m a Jj^ 

narroiv tube and slipped in The tube is then 
scaled before the blow -pipe m such a way 
that a thick capillary is formed, which enables 
it to be subsequently opened (Fig 37) It is 
then placed m a hot-air furnace, and is 
heated for several hours at 200° or abo\e, 
according to the nature of the compound 
The furnace is then allow-ed to cool, the pres- 
sure released before removing the tube, by 
holding the capillary end in the flame until 
the glass softens and is perforated by the 
pressure within The tube can then be safely 
opened by cutting with a file in the ordinary 
way The contents are washed into a beaker, 
filtered, washed and the silver halide weighed 

t^/tfxamplc — 0151 gram of substance gave 0134 gramAgBi 


tlG 


37 — Sealed 
used in 
Canuss method 


tube 


OI3<lX8oX'IOO 

— = 37 5 1 per cent of bromine 

188X0151 J y 


QUESTIONS ON CHAPTER VTIT 

1 Give the formuhe foi an> two primary, any two secondaiy, 
and any two tertiary, liexyl iodides 

2 Explain the solvent action of boiling caustic potash on 
iodoform “By analogy, what would be the action of the same 

alkali on chlorofoim and carbon tetrachloride ~> 

' * — 

3 How would you explain the isomensm and deteimme the 
structure of ethylene and ethylidcne chlondes ? 

4 Explain the formation of chloi oform from alcohol and acetone 
Give the tests for chloroform 


5 How w ould you determine the purity of a specimen of chloi o- 
form What impurities is it likely to contain * 

6 Name the alkyl gioups in the following foimula: 

CH 3 CHC 1 CH, , (CH-O.CH CHoBr 

7 Describe and explain the formation of lodofoim, W hat are 
its chief properties ? 


c 2 h s i 
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8 How is clilorofoim prepared 5 What reactions prove it to be 
a derivative of methane 5 How can the presence of chlorine be 
shown ? 

9 Suppose a small quantity of chloroform which contains some 
•water has been exposed to sunlight in a large colourless glass 
bottle, would the chloroform be pure, and, if not, how would you 
test foi the impurities ? 

10 Explain the origin of the name ethyl chloride for C 2 H 6 C1 
What other name is used to designate this substance , 

11 Calculate the weight of silver iodide which would be pro- 
duced in the quantitative estimation with o 2 gram of iodoform 




CHAPTER IX 


THE ALCOHOLS AND ETHERS 

Alcohols — 0£ the properties of the alcohols little more 
need be added to w hat has already been stated about methyl 
and eth\l alcohol A list of the more important alcohols with 
their boiling-points and specific gravities, is gnen in the follow- 
ing table The termcarbmol_ is applied to the carbon_ group 

which contp jnS-theJi\^ko>,xL 

TABLE IV 
The Vicohols 


i 

1 Methjl alcohol 

' Ethjl alcohol 
1 

, Prop\l alcohols 
' Pnman 

! Secondary (Isoprop\l) 


! CH 9 (OH) 

C.H 5 (OH) 

C 3 H-(0H) 

CHj CH. CH.(OH) 
1 CH- CH(OH) CH S 


Buti 1 alcohols 
Normal pnman 
Normal secondan 
Pnman isobnt\l 
Tertian 


C 4 H 0 (OH) 

C.H s CH- CH-(OH) 
ClHj CH]OH j CH a 
(CH 3 hCH CH.(OH) 
(CH 3 }IC(OH) CH, 


Ann 1 alcohols 
i Normal pnman 
I Isobutjl carbmol 
1 Secondan but\l carbmol 
| Methj 1 propvl carbmol 
{ Meth\ 1 isoprop \ 1 carbmol 
Dieth\ l carbmol 
| Diraethylethj 1 carbmol 


C-Hjj(OH) 

C.H S CH. CH. CH.(OH) 
(CHs).CH CH. CHl(OH) 
CH 3 CH (CH;) CH.OH 
C.H S CH. CH(OH) CH 3 
(CH 3 V,CH CH(OH) CH 3 
OH, CH{OH) C.H S 
(CH 3 ).C(OH) C,H„ 


B p 

Sp gr 

66 c ! 

Sl2 

78" j 

SoG 

*> 7 ° 

S04 

8i c 

7 So 

H 7 C 

Sio 

IOO° 

— 

io7 c 

S06 

S 3 ' 

7S6 

I 3 S C 

S15 

131 0 

Sio 

12S 

— 

" 9 ^ 

— 

112° 

— 

II/* 

— 

102* 

— 
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The isomerism existing among the propyl, butyl and amyl 
alcohols is due to the disposition of the carbon a toms and the 
position of the hydros} I group, and the explanation is precisely 
the same as that given under the halogen compounds (p 98) 

The higher alcohols — The above compounds are all liquids, 
but th ose^\!itluhigh-raola£uJaiijiejgbt_are_sohds Some of them 
are found amon g natural a nimal an d ve getable products in 
co mbinat ion w ith. acids -as-sohd-estersjfiduch_ar e termed waxe s 
Cetyl alcohol, Ci C H 31 OH, is combined with palmitic acid jo. 
sper maceti, a wax-like substance found in the head of the sperm 
whale , ceryl alcohol, C 27 H 55 OH, is found m combination with 
cerotic acid m Ch inese wax, which is used m China for 
illuminating purposes, and collected from the bark of certain 
trees, where it is formed through the puncture of an insect, 
mehssyl or miricyl alcohol, C 30 H 61 OH, is combined with palmitic 
acid i n beeswax, and also occurs as a constituent of camauba 
wax, a yellow, brittle substance, found adhering to the leaves of 
the Brazilian palm 

The different alcohols do not behave quite alike on oxida- 
tion Methyl and eth}l alcohol form substances known as 
aldehydes (p 47), but others form a class of compounds known 
as ketones (p 68) The difference in the behaviour of the 
alcohols on oxidation separates them into three well-defined 
groups, the primary, secondary and tertiary alcohols 
Primary, secondary and tertiary alcohols — These 
names are used m the same sense as that applied to the alkyl 
halides (p 99) We have only to substitute a hydroxyl group 
for the halogen atom m the alkyl halides 
A primary alcohol has the hydrox}l group linked to an end 
carbon atom of the series, and contains the group, CH 2 (OH) 

A secondary alcohol has the hydroxyl group attached to a 
middle carbon atom of a straight chain, and contains the group 
CH(OH) 

Atertiaryalcohol contains thegroup C(OH), t e thecarbon atom 
attached to the In droxj 1 group is linked to three carbon atom? 

CHo(OH) primal y alcohol group 
CH(OH), secondary alcohol group 
C(OH), tertiary alcohol gioup 
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Examples of all three classes will be found m Table IV (p 107) 

The primary alcohols on oxidation first lose 2 atoms of 
hjdrogen and form aldehydes , butJthe^ald ehvdes can be further 
oxidised, and, by taki ng up an add itional, ato m of ox\gen . are 
com ertedjnto a cid s 

Thus, methyl alcohol is a primar\ alcohol and forms formalde- 
h\de and formic acid (p 73) 

H H 

I I 

H— C— O— H + O = H— C=0 + H 2 0 

i Fomnldeh\de 

H 

H H 

I I 

H— 0=0 + 0 = HO— 0=0 

, Formic icid 

Ethyl alcohol is also a primary alcohol and forms acetaldehyde 
and acetic acid 

Sec ondary alcohols also lose 2 atoms of hydrogen , but in this 
case ketones are formed"~which~u"nd erg o furth er "oxidaHon w it h 
l i diffi culty, and are therefore ngt r educin g agent^p~5o) 

Isopropyl,orsecondarypropylalcohol loses 2 atoms of hydrogen 
on oxidation in the same manner as meth} 1 alcohol The product 
in this case is a ketone, namelj , acetone As already pointed out 
(p 68), it does not undergo further oxidation very readily and 
therefore does not reduce Fehhng’s solution or ammonia-silver 
nitrate solution 


CH, 


CH, 


CHj— C— O- -H+O = C H 3 — C=0 -f H a O 

A 

_ Secondary prop} 1 alcohol Dimethj 1 ketone or Acetone. 

A tertiary alcohol, such as tertiary butyl alcohol, when qmHicpH 
loses some of its carbon and hy drogen as carbon 
^IQ^de ajadjiater and gn es a ketone with fewer atoms of carbon , 
.l 1 I_the„case pftertmr3_ but yl a lcohol , acetone is formed 
CH 3 ~~ "~“CPE ~ 

1 j 

-CH 3 — C OH + 20, = CO -f CO, -f 2H,0, 

, CH 3 CH o 

i eruar^ but\ I alcohol Acetone 
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>•/ Glycol and Glycerin (glycerol) It may be pointed out 
‘ here that just as there are compounds containing more than one - 
halogen atom, there exist others containing more than one 
hydroxyl group The most important of these are glycol and 
glycerol, to which reference will be made later (p 140) 


CH. OH 
I ' 

CH, OH 

Gljcol 


CH, OH 

I 

CH OH 

I 

CH S OH 

Clj cerol 


THE ETHERS <- S' 
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Simple and mixed ethers — The method of preparing 
diethyl ether has been described (p 38) If methylated spint 
is used for making ether, a mixture containing a little dimethjl 
ether, methyl ethyl ether and diethyl ether is obtained and is 
known as methylated ether The first compound is a gas and 
the second a very low boiling liquid which evaporate on dis- 
tillation If other alcohols are used corresponding substances 
are obtained Propyl alcohol gives dipropyl ether and so forth 
But, if one alcohol is placed m the vessel with sulphuric acid and 
another alcohol added from the tap-funnel, an ether with two 
different radicals is formed Thus, ethyl and propyl alcohol 
employed in this manner give ethyl prop-vl ether 

C,H 5 OH + H_S0 4 = C.H 5 H S0 4 + H.O, 

Fthsl * Fth)l lijdrogen 

alcohol sulphate 


C,H S H S0 4 + C,H, OH = C 2 H„ O C 3 H- + H,S0 4 

Prop} I Hh> I prop) I 

alcohol ether 


The first kind with two similar radicals are called simple ethers 
and the second, mixed ethers 

M etamerism _may o ccur, a mong isomeric ethers , when two 
different radicals are attached to the oxygen atom Thus diethyl 
ether and methyl propyl ether are said to be metameric 


/CH 3 

° x c 3 h, 


o 


/C.H S 

x c 2 h 5 


C 4 H 10 O C 4 H jo O 

Melhjl prop) 1 ether Dieth)l ether 

1 The terminitinn of all ilcohols in modern nomenclature is “ol ” 


I\ 


the \ironois \nh niirns 


ui 


Metamerism is t herefore define d as a special case of is omerism 
where different radicals are a ttache d to the s ajne^p.ojyiajgnt. 
element Other groups of compounds exhibit similar cases of 
metamerism 


QUESTIONS ON CHAPTER IX 


1 Gne equations representing the action of chlonne, h\dro- 
chlonc acid, sodium, calcium chloride and chromic acid mixture 
(potassium dicliromate and sulphuric acid) respectn ely upon elh\ 1 
alcohol 


2 Gi\ e the formula: for t\\ o primary , tw o secondary, and tw o 
tertiary hexyl alcohols and name them Gne also the formula, 
and names of their products of oxidation 


3 Name the following CH,CH(OIl)CH , (til,) C(OII) CH , 
{CH 3 )j. CH CH(OIl) CH 3 , (CH,)_ C(OH) C S H, 

4 Under what different conditions does sulphuric aud leact 
with alcohol, and what products are formed in the sc\cnl cases *■ 


5 What products are foimcd when pnmarv and secondary 
propyl alcohols arc gcntl\ oxidised ' Compare and contiast then 
principal properties 

6 A substance lun mg the formula C ,H k O is thought to be an 
alcohol What constitutional formula could such an alcohol have 
and what would you expect as to its chemical belia\ lour 3 

7 How would you determine the constitution of a liquid, the 
molecular formula of which had been ascertained to be C 5 Hi.O 3 

8 Gne two ways of preparing ctlivl aim 1 ether from ethyl and 
am) 1 alcohols 


9 Explain and illustrate the term mclamcric 

10 What is methvlated elhct 3 What impurities does it usualh ' 
contain 3 

/ 

11 ^ rite the constitutional JonnuI,e for all the different bodies 
having the molecular formula C 4 H 10 O, and indicate by what 
experiments you would propose to distinguish them 

12 Explain the theory 7 of the preparation of ordinary ctliei 
hat bearing has the mode of preparation on the constitutional 

lormula of ether 5 


* 3 , ^ ow 1S et ] 1 y 1 iodide made, and what is the action of sodium 
reaction U ^° n ? Point out the theoretical importance of this 
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The structure of the aldehydes and ketones — The 
similarity and differences existing between the properties of 
acetaldehj de and acetone have already been pointed out (p 67) 
In the method, bj which acetone, a typical ketone, is 
obtained from isopropyl alcohol, we ha\ e a means of explaining 
its structure Like the aldehjdes it contains the same group, 
C 0, but in the aldehydes the carbon is joined to at least one 
hydrogen atom, whereas in the ketones it is attached to two 
radicals 

The aldehydes are characterised by the group HC 0, which 
is called the aldehyde group, the ketones by C 0, which is termed 
the ketone group The general formula for aldehydes and 
ketones, where R stands for the radical, is therefore represented 
as follows 


HZ' 


Aldehjde 


R \ C0 

_Xetone 


As these radicals are comparatively stable groups we can readily 
understand the g reater stability of the k etones towards-oxidising 
agents, . 

The aldehydes are named either from the alcohol from which 
they are derived, or from the acid to which they give rise 
CH 3 CHO may be termed ethyl aldehyde or acetaldehyde , 


CHj CH„ OH CH„ CHO -> CH, CO OH 

EtlijI alcohol EihjI nldehjde Acetic acid 

or acenldeh>de 
11 2 
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The ketones are named from the radicals linked to the ketone 
group. 

The following will serve as examples * 

CH 3 C 2 H s ch 3 C 3 H> 

io CO CO CO 

h ch 3 , c 2 h 5 c 3 h 7 d s H ? 

/ Dimethjl ketone Diethyl ketone.^ Methjl propjl Dipropj 1 ketone 


Meth>l propjl 
ketone 


c 3 H 7 

Dipropj 1 ketone 


A Chloral — A very important den vatu e j _o£-_acetaldehyde is 
cmdial^\±uchusjuaed-m-jnfid icme" for inducing sleep^ It is tn- 
chloracetaldehyde, CC 1 3 CHO , but it is not usually obtained 
from the aldelryde by the direct action of chlorine It was first 
prepa red by Liebig m 1832 by passing chlorine into alcohol, and 
this is the method which is at present used in its manufacture 
The reaction which occurs is not a simple one, and several by- 
products are formed The principal product is a solid com- 
pound of chloral with alcohol, or chloral alcoholate, having the 
formula CCI 3 CH(OH) OG>H 5 It bears a certain relation to acetal 
(p 51) A slow current of chlonne is first passed through 
cooled eth)l alcohol , later, the liquid is heated and the current 
of chlonne continued until no further absorption of the gas 
takes place After cooling, chloral alcoholate separates out, 
and is removed and distilled with concentrated sulphuric acid 
Chloral passes over as an oily liquid, and is purified by shaking 
it with chalk to remove carbonyl chloride and hydrochloric acid 

The series of reactions are represented as follows 

1 CH 3 CH s OH+C 1 s ==CH 3 CHO+2HCI ' 

Acetnldeh) de 

2 CH a CHO-f 3C1 2 =CC1 3 CHO+3HCI 

Chloral 

3. CC1 3 CHO-fC 2 H 5 OH=CCl 3 CH(OH) OC 2 H 5 

Chlonl ilcoholite. 

4 CCI 3 CH(OH) OC 2 H s 4 -H 2 SO l =CCl 3 CH 0 +C 2 H 3 HS 0 4 +H 2 0 

Chloral is an oil y liquid with a penetratin g smell, and boils 
at 98 It polymerises, Jil ^ace'talHehy de. on^keepmg^or—m 
presengg_Qf_s mall quantities of mineral acids, and forms a white, 
amorphous powder On adHing about one-fifth of its bnllr nf 

Cohen s Cl Bit, Org Chem , 
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water and shaking, great heat is evolved and the mixture 
solidifies The solid crystalline substance is chloral-hydrate, 
and has the formula^ CC1 8 CIIOjzJIgQ* or more probably 
CC1 3 CH(OH) 2 It dissolves readily in wate r,.and being ^much 
more stable th an chl oral is the compound employed onjoiedicine 

Expt 64 — Preparation of Chloral — ChloraLmay -be„ obtained 
from chloral hydrate by distillation jiyith_conc,entra±e£Lsulphunc 
acid ~ Disfil~io grams of chloral hydrate with 5 c c of con- 
centrated sulphuric acid in a small distilling flask and collect the 
colourless liquid distillate On adding a few drops of water to 
2-3 c c of the liquid, the solid hydrate is formed with evolution 
of heat 

When warmed with caustic soda solution chloral hydrate de- 
composes and a heavy liquid separates This is chloroform The 
solution contains sodium formate 

CC 1 3 H CHClj Chloroform 

! +1 — + 

CHO ONa CHO ONa Sodium formate 


QUESTIONS ON CHAPTER X 

1 How would you distinguish between two substances having 
the formula C a H b O 3 

2 Give the characteristic reactions of the aldehydes 

3 How would you show that acetone contains 2 methyl groups 
attached to a CO group 3 

4 What are the oxidation products of ethyl propyl ketone * 

5 Name the products of oxidation of primary and secondary 
propyl alcohol 

6 Descnbe the preparation of chloral hydrate 

7 How is formaldehyde best prepared 3 Give an account of its 
most striking and useful properties 

8 Describe how you would prepare a specimen of pure acet- 
aldehyde, give an account of its physical properties and enumerate 
as many reactions as you can in which it takes part 

9 What is meant by the terms {a) addition-product (b) substi- 
tution-product ( c ) oxidation (d) reduction, (e) polymerisation 3 
Illustrate your answer by the reactions of ordinary acetaldehyde 

10 Give equations illustrating the preparation of chloral 
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hydrate Show bv graphic formula: its relation to acetaldehyde, 
and mention giving an equation, its decomposition with caustic 
soda 

11 What arc the chief characteristics of the ketones .is .1 class * 
To what important changes do they' lend themselves > 

, 12 An organic compound is supposed to be a ketone Ilxplmn 
precisclv how v on would prove experimentally that this is the 
dase 

^ 13 An aqueous solution contains either aldehyde, ctliv 1 alcohol, 
''or acetone How would you distinguish the compound prcsuit ? 

14 How would you destinguish between m aide In de and a 
ketone of the formula C 4 H s O - W nte i list of compounds rcpit- 
sented bv this fonnula 



CHAPTER XI 


~v/ FATTY ACIDS AND THEIR ESTERS 

a 

Fatty acids — In a preceding chapter we have studied two 
acids, formic and acetic acid They are the lowest members of 
a long series, known as fatty acids from the fact that many of them 
are constituents of animal fat and animal and vegetable oils 
The following table contains the names of the first-six acids, 
their derivation, and the names of the acyl radicals 


Name 

Derivation 

Acjl ndicnl 

Fonnic acid, H CO Oil 

Acetic acid, CH 3 CO OK 
Propionic acid, CjH fl CO OH 

Butyric acid, C 3 H, CO Oil 
Valeric acid, C 4 H 9 CO Oil 

Capnc acid, C„H lt CO OH 

formica, an ant 
acelttm , vinegar 
■trpuros, first , 
wlou, fat 
bulyrum, butter 
Valenana offtci 
nalis, salenan 
capt a, a goat 

ferny 1, HCO 
acetj 1, CH a C O 
propionj 1, CjH s C 0 

butjryl, C,H 7 C O 
valerjl, C 4 H # C O 

caprojl, C s Hj, C 0 


General properties of the fatty acids — They are 
colo urless liquids or solids . the lower members possess a sharp, 
pungent smell and sour taste, .whi ch S rejnjsenramong the higher 
members AJhth increasing' molecular_ weight their solubility m 
water and~also^tlieIr ~specIBF*gravit) decreases Formic acid is 
freely soluble m wafersrid'has^a-specific -gra\ ity of i 231., stearic 
acid, Cf 1B H 3S Oo, is a solid which is non-miscible with water, floats 
on water and has a greasy feel similar to that of paraffin wax 
The chemical properties resemble those of formic and acetic acid 
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They are all monobasic, acids forming salts, with bases and -esters 
i vith a lcohols, ^whilst th e^.cal cium .salts .on dry-distillation.,) idd 
ketones They may be represented by the general formula 

CO OH 

The sources of formic and acetic acid have already been dis- 
cussed Some of the more important sources and uses of the 
higher members will now be described 

Propionic acid, C»H 5 CO OH, is most r eadily obtained by 
t he oxidation of prop yl alcohol with potassi umjdichromatc and 
sul phuric acid It accompanies acetic acid in pyroligneous acid, 
and is also found among the products of certain fermentatnc 
processes Although it mixes with water, the acid may be 
separated from solution by the addition of calcium chloride 
The acid then floats as an oily layer on the surface , for which 
reason it received the name of propionic acid (irpwTos, first , 

iriwv, fat) 

Butyric acid, C 3 II 7 CO OH, occurs in tw o isomeric forms, 
both of which are found in nature 

Normal butyric acid was discovered in 1814 by Che-vreul as a 
constituent of butter, m which it is present to the extent of about 
7 per cent as the glyceride, or glyceryl ester (p 121) The smell 
of rancid butter is due to the decomposition of this ester and the 
presence of the free acid It occurs as the f ree acid in^erspiratiqu 
gn d m certain animal secretio ns 
ft 


C 6 H 12 0 6 =: 2CjH 0 O-, 

Glucose Lactic icid 

2C 3 H 6 0 3 = C ,H„0 2 -f- 2CO» 4* 2ll 2 

Lull ric icid 


' .principal source of, the_acnLi^^peci al kind of fermenta- 
tlQi L ..Jm a\v n-iis^he-butync~ferment ation, effected hv ihn , „"m . 
^rced action^ ofjh e lactic ferment and the Ba cillus -amylobader 
(consistmg ,oL_sIeh3er7ro3s — in„active_„m.CLYejiLent), on sugar, 

s tarch, and oth erxar.boh.vflrntpg “ b 

olovrf pIaoc ” sevcral stoges JKj&ESlusjaiL- 

P.loyed^_itjsJjrst cgpgated mto_^lucosc._. Tlie g |„c n 5 . ih en 
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Isobutyric acid has not been observed m any process of fer- 
mentation but is/ound_cithcr as_thc iree acid.or esterjn many 
plants 

~ , The formula: of these two substances is represented thus 1 


CH.CH CIJ. CO.H 


CH, 

>CH CO.H 
Ch/ 

Ivohtiljric jud 


hniyric ii.nl 

''Oils,® fats, and waxes — The nature of these substances 
was first corrccth described by ChevreuI (18x5-1823) who 
showed that they were compounds of fatty acids with glycerol 
Beef nnd mutton tallow and lard consist chie/jy^FtHFgl} ccrides 
of stearjc__and ( trreap , tallow-) C 18 ir 36 0 2 , palmitic. acid. C 16 lf 12 0 -, 
and olcicacid, CjsH^jO. Qlcjc«ictd,JS_nol strictly a member 
of this scries of fatty acidv It is called an unsaiurated fatty 
acid, as it contains 2 atoms of hydrogen less l ban stearic acid, 
which is a saturated acid (p 192) , but it is convenient to include 
it here The glycerides, as they occur m fat, are known as 
stearin and palmitm (75 per cent), which are solids, and olem 
(25 per cent), which is liquid at the ordinary temperature At 
the body temperature all the fats arc liquid 

C,-h7„CO o ch. 
c„h, 6 co o ch 
c 17 h 3>1 co o ch. 

Tormnh of Stcarm, the glyceride of stearic acid or glyccrjl stearate 


1 hesc substances arc however, not confined to the animal fats 
Palmitin is the chief c onstit uent of palm oil, olem of ojive oil, of 
which it constitutes 75 per cent , whilst .stearin is frequently found 
in animal and vegetable oils Butter and cocoa-nut oil -contain, 

1 In the replacement of the hydrogen of the alkyl group of a fatty acid by 
a halogen or radical, the position is denoted by lettering the carbon atoms 
n, 0, y, 5, beginning with the carbon to which the carboxjl group is attached 

Cir 3 CIIj CfL CO.If 

y 0 a 

s The term oils used in the present sense implies the vegetable, non volatile 
ox fixed otls , vvhicH must be carefully distinguished from the very different 
class of volatile, or essential oils (Fart III p 260) 
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in addition to the above, butyrm, the glyceride of butyric acid, 
C 4 H 8 0 2j whilst butter also contains the glycerides of caproic 
acid, C 6 H 12 0 2 , caprylic acid, C R H 16 0 2 , and capric acid, C 10 H 2 o0 2 
It is difficult to draw any chemical distinction between oils and 
fats They consist mainly of glycerides of saturated fatty, acids , 
but the acid may belong, like oleic. acid, to a different series 
Linseed oil contains the glyceride of hnoleic acid, C 18 H 32 0 2 , 
which lias less hydrogen than oleic acid (p 193) In the waxes 
the glycerol is replaced by a higher alcohol of the methyl alcohol 
series, like cetyl alcohol, Ci C H sa (OH),^ which is combined with 
palmitic acid in spermaceti (p 108) 

{>. Sapo nification, as already cx plamed-fo -^-ras-a-special-ease 
vof hyd rolysis and consis ts in the brea.k 1ng-HP~0I.fln ester into its 
two constituent parts , the alcohol and the acid, by the addition. 
oLthejelementsjjf , water ~ ” 

Manufacture of “ stearme ” candles — The so-called 
“ stearme ” used in the manufacture of candles is not glycery 1 
stearate, to which the name is usually applied, but the free acids 
from fat, separated as far as possible from oleic acid The fats 
are hydrolysed bv the acti on. -ofLsunerheated steam in closed 
lioIIers. u pr autoclaves, under-pressu re. with the addition of ab out 
2 per cent of lime to the fat us ed The following equation ex- 
presses the reaction in the case of stearin 

Cj-H^CO OCH , + HOH 

C lv H 35 COOCH + HOH 

C K H 1S C00CH 2 -f HOH 

Stearin 

After saponification, the “ sweet water,” which contains the 
glycerol, is drawn off , a httle _sulp huric acid is added tp^decom- 
pose the hm e_salts, and the fatty acids , which float^on thc 
surface, -are- removed, and_ may;_be_punfied^by_distillation With 
superheated steam,— The ac ids, a re p ressed hot to re move t he 
liquid oleic acid_ .ancLa~finner-cake-j s th e reby produced The 
cake is melted with the addition of a little paraffin wax, and 
moulded into candles 

Soap manufacture — The term saponification was originally 


“ 3 C 17 H J6 CO OH + C 3 H 8 (OH) 3 

Stearic acid C ljcerol 
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applied to the manufacture of soap Hard soap is the sodium 
salt, soft soap, the potassium salt, of the acids of fat Conse- 
quently, caustic soda and caustic potaslTarr^lTVajTused for the 
saponification of the fat in soap-making The reaction which 
takes place may be illustrated m the case of stearin 

(C„H M C0 4 ) 3 C s H B + 3 >TaOH — 3C 1 ;H 35 C0 2 Na 4- C 3 H 5 (OH) 3 

Stearin Sodium stearate Gljcerol 

Expt 65 — Thirty grams of tallow are placed in a beaker and 
melted by steam passed in from a flask (with safety tube) contain- 
ing boiling water After a short interval, 60 c c of a 10 per cent 
solution of caustic soda are added and steam driven through until a 
clear brown solution is obtained The soap is then separated by 
the addition of saturated solution of common salt An alcoholic 
solution of caustic potash or soda for saponifying oils and fats is 
much more rapid m its action than an aqueous one which does not 
dissolve the fat Make a ten per cent solution of caustic soda in 
methyl alcohol Place a little lard in a porcelain basin on the 
" water-bath, cover it with the alcoholic soda solution, and stir 
When the fat has dissolved, heat for a few minutes to remove the 
alcohol A hard mass will remain It is the sodium salts of the 
fatty acids mixed with glycerol It readily dissolves in water 
Divide the solution into two portions To one add dilute hydro- 
chloric acid, when a thick curdy precipitate of the fatty acids 
separates which on heating melts and floats on the surface , on 
cooling, it becomes a solid cake To the other portion add strong 
sodium chloride solution, when a precipitate of the sodium salts 
oFfhe fatty adds is formed 

The pianufacture of soap is carried on in large iron pans, 
which are heated by steam pipes Fat, which has been pre- 
viously “ rendered,” or melted and strained from cellular tissue, 
or a mixture of fat and oil, is used Beef and mutton tallow 
and olive oil make the best hard, or curd soap For cheaper/ 
soaps, palm oil, palm-nut, cocoa-nut, cotton-seed, and various 
other vegetable oils, together with rosin (which contains an 
acid and forms a sodium salt) and oleic acid from the candle 
industry, are employed The fat and oil are mixed with caustic 
soda solution, or u lye,” and boiled until hydrolysis is complete, 
and the materials have become converted into the sodium salts, 
of the fatty acids Salt is now added, which causes the sodium 
salts, or soap, to separate as a white granular mass on the Surface, 
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The lower aqueous lay er or ‘•pent 1 \ es containing the gl\ c erol 
it drawn oft and used for the production of gUccrol The soap 
it again heated with the addition of a little caustic sodi to ensure 
complete saponification md the hot pi'-ta mu' after being 
allowed to settle iwo or three d n>, n run or pumped into frames 
to cool and set 

Varieties of soap — White curd soap i-. made from tallow 
the different "kinds of yellow soap usually contain some rosm 
Castile soap conststs largeh of sodium olcitc and is made from 
nine oil marine soap is prepired from coeoi-nut oil and dn- 
soh es m > a lt v, iter transparent soap is made by dissolc tnir 
ordman \ellow soap m mtllnlatcd spirit and ifter drnmg oft 
the alcohol pouring out the liquid which on cooling forms a 
transparent m\s» soft soap is made in siponifung oil or f it with 
caustic potash The product m the last i t»c forms 1 dirk- 
coloured emulsion whuh contains eves^ of alkih md all the 
glycerol of the origin il materials , lead soap, or Kid plnUr is 
prepared b\ boding olnc od with litharge borne so-c died soaps 
which are u«ed for cleaning rather thin for wishing in the 
ordman sen c e consist chiefly of fine smd pipe-cl ly , or fuller s 
eirth and little real map Dry soap ismide hvdrung ordman 
soap and grinding it with a certain amount of sodium i irlionate 


The earicti of materials jsed in the nnnuf.w turc of soap is so 
great that the mere proportion of water alkali and acid gnos 
no a ery definite information is to the real \ alue of a soap Good 
curd soap for household purposes contains no free alkali and 
not more thm per cent of water which must he regarded 
as combined water Toilet or milled so >p made from 
comDressed slmings M partnllv dried soap gencralh lontauis 
much less water On the other hind cheap ‘so ip* made from 
eoeoa-nutod etc may contain as much as So per cent of water 
Wool-grease, or Yorkshire grease, is obtained from the scour- 
mgs of wool It forms a brown semi-solid mass which gnes 
a colourless emulsion v ith water and is used as an ointment 
known as lanohne 


Butter — Good_cgw s G utter contains on the a\ erase about 
1° P er cent fa b J _P er cent of cureir j_uerza.ntr.nf"v.alf jjfnd 
h per'cent_-of-wmr' Butter nt consists mainK of stearin, 
palraitm, ancToltm with about 7 per cent of huYvnn and - 
percent of caprom caprelm and capnn 
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Butter substitutes, margarine, oleomargarine — Beef tallow 
or suet is heated to a temperature of 35° and subjected to 
pressure The lower melting portion, which is expressed, con- 
tains a large quantity of olein, and when mixed with ..certain 
vegetable .o ils, a ncLoccasionallv a little rnillTand genuine.butter, 
constit utes .J Bargarine, The quantity of volatile fatt> acid 
(butyric acid) present as butyrm is always considerably below 
that m genuine butter Nevertheless, margarine, if properl) 
prepared, is a perfectly wholesome article of diet,.' ~ 

Ex.pt 66 — The difference between butter and margarine may 
be shown on a small scale by adding to a small quantity of each; 
in test-tubes, a few c c of a methyl alcohol solution of caustic soda 
and boiling until most of the alcohol is driven off On cooling 
and adding dilute hydr ochloric acid, the unpleasant smell of 
butyric acid is given by the TfutterTbut is scarcely noticeable in 
the case of margarine \ 


*~’”Tq£*jGsTERS" ~ 

E sters are formeddJy' the action of an alcoho l on an or ganic. 
or inor gamc~aOdr ifl 5 tnnr saltT^¥~broduced bv^heaction of a 
base on an acid (p 31) Esters may therefore be termed alkyl 
salts 

Meth) 1 alcohol and formic acid, for example, give metfijl 
formate, just as caustic soda and formic acid yield sodium 
formate 

HCOOH + H'OCH 3 = HCO OCH 3 + H.O 

Mctlijl Tut male 


HCO OH + H ONa = H CO ONa + H.O 

Sodium formate 


The following are the formulae of a series of alkyl salts 


XHO 

°Vh, 


Merhyl 

formate 


/NO 

yNOj 

Oc 

/SO,(OH) 

oc 

Cl 

1 

x ch 3 

n ch 3 

^ch 3 

CH, 

Meth) 1 

Meth) I 

Melhjl 

Methj 1 

nitrite 

nitrate 

hjdiogen sulphite. 

chlonde 


With the exception of the halide esters like meth) 1 chloride, 
the alkyl group m the ester is united b) oxygen to the acid 
radical 

Esters of organic acids — The esters of the fatty acids, 
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which wc shall consider first, were studied in 17SC b\ Sihcelc, 
who disun ered a method for their preparation which with .1 
little modification, is still in general use 
Sources of the esters. — The esters form the sw ect-smclhw: 
constituents, or ethereal oils, of manj plants, and on .11 count of 
their fragrant ‘-mell thc% art manufactured as a substitute for 
..natural .perfumes- and -fruit essences Thcx may be prepared bi 
<Lhc a ction of an alcohol on an acid chloride, or anh) dndc (p 63) 1 
orJbx heating" JLhjt Ml ycr sal t of the acid with in alkx 1 iodide 
dissolycdlimjctlier. Silxer acetate and etinl iodide xiefd cthxl 
acetate 

CH, CO r \g -f I C.Hj = CH, CO.< ,H. -J- Agl 


The most common method for preparing enters is the 011c 
alrcadx described (p 34), n mi cl x_ Jn liciting toectherjlic^acid 
«>nd~the -alcohol The reaction is, hoxxcxcr. a rex erMble one 
(P 35) { A condition of equilibrium is attained wlicn a certain 
ratio exists between the amount of ester and water, and that 
of free add and alcohol, and therefore^ a dchvdminc agent 
In this respect the action differs from thi't of 
an inorganic base on an acid which is as a rule instantaneous 
and complete 

Properties of the esters — The „tot ers„/i rc „ncutral^ajid 
colourless-substajKC<j with., a Jra grant smcll^and are, for the most, 
part -Ijqiudsj.ihich do .not mi\„wath waiter The methxl and 
cth>l esters ha\c lower boihng-pomts than the acids from which 
thca are prepared The esters m point of structure occupy an 
intermediate position between the cthere and anh\ dndes 


o /c;h s - 

Ethyl etl-er 


0 / c = H « 

VlOCH, 

Ethy"acttsrte. 


.CO CH, 
°\ 

Vo ch, 

AcetJi* nnhydni'r 


In chemical behaxiour the esters stano midway between the 
\erv stable ethers and unstable anhydrides The esters are 
slow h decomposed by water, much more^npidlv bx caustTc 
a Uli£ m aqueous solution still more rapidlx bx alkalis- in 
alcoholic solution. The process 15 one of hydrolysis The 
elements of water are taken up, and the ester is comertcd 
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into acid and alcohol Ethyl acetate gives alcohol and acetic 
acid 

CH 3 CO OH CH a CO OH 

'Y +1 ' 

- )>0 H = -f 
c 3 h/ C 2 H s OH 

The reaction is, in fact, identical with the saponification of 
la ts and oils (p 1 19), the alcohol in the latter case being glycerol 

The ^iction. .of jtmmonja .on-»the esters is essentially different 
from that of caustic potash or soBa^’TiT” this case alcoh ol is 
formed, but the ammonia remains attached to the acid-radical 
for ming an amide (p 197) 

CH 3 C 0 2 C„H 6 + NH 3 = CH, CO NH_ + C„H 6 OH 

kth>l iceintc \cct*itmdc Alcohol 

Isomerism of the esters —The general formula of the 
esters of the fatty acids is C^H 2ll O>, 1 e the same as that of the 
fatty auds The esters are readily distinguished from the acids 
_byj;heir_neutral leaction, and, in the case of the lower members, 
by their smell and insolubility in water Moreover, the esters, 
unlike the fatty auds, are insoluble m dilute solutions of thej? 
alkalis Among the esters themselves, isomerism may arise 
from the presence of is omeric a cids or alcohols forming the 
constituent parts of the ester Examples of this kind of iso -1 
mensm are ethyl butyrate and ethyl isobutyrate, and propyl/ 
and isopropyl acetate .Finally, isomerism may be produced 
by the union of auds and alcohols to form esteis, in which both 
constituents differ m the different isomers A compound of 
the formula C 4 H 3 0 3 may represent methyl propionate, ethyl 
acetate, or propyl formate 

C,H 6 CO OCH 3 Methyl propionate ' ' 

CPI 3 CO OC_H s , Ethyl acetate 
H CO OC 3 Hj, Propyl formate 

Such compounds may be leadily distinguished _by_hy r drolysis 
followed by the - separation of the alcoliol and acid, .according to 
the method "described in ~E\pt T3, p~35 The alcohol is 
identified by its boiling-point 01 other distinctive property* 
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the acid is tested for in the residue left after removal of the 
alcohol 

r ' Artificial essences — It has already been stated that the 
esters are manufactured as substitutes for natural essences 
The following compounds are commonly used for this purpose 
ethyl formate (rum), isoamjl acetate (pear), ethjl butyrate 
(pine-apple), isoarmi isoi alerate (apple) 

The student is reminded that the constituents of butter (p rai), 
fats, oils (p 118), beeswax, Chinese wax, and spermaceti (p 108). 
belong to the group of esters 


QUESTIONS ON CHAPTER XT 

1 Describe the reactions bj which fatt\ acids mav be converted 
mto paraffins, aldehydes and Ketones 

2 Define " hydrolysis,” and give examples Name the different 
ways in which fat mav be hydrolysed 

3 Describe briefly the manufacture of soap How is the water, 
fatty acid, and alkali estimated in soap 7 

4 What are the general characters of oils, fats, and w axes 7 

5 What is the composition of butter and oleomargarine 7 How 
can they be distinguished 7 

6 Give the formula for the acyl group in the first six members 
of the fatty acids 

7 Explain the action of gljcerol m the preparation of formic 
acid 

8 Write precise instructions for the preparation of sodium 
formate, using oxalic acid as the source 

9 Starting from methyl alcohol, explain, illustrating \ our 
answer by equations, how* acetic acid can be produced How" can 
acetic acid be reconverted into methyl alcohol 7 

10 How has the constitution of the glycerides been determined 7 
State the constitution and the chief constituents of the more impor- 
tant natural fats 

11 Supposing the chief constituent of a soap consisted of 
sodium stearate, calculate the amount per cent from the following 
data 5 grams dissolved m w'ater to which 50 c c normal hydro- 
chloric acid were added required 38 cc normal caustic soda 
solution for neutralisation 

12 A monobasic acid of percentage composition 0=5454, 
H=9 09, 0=3636 gaie the following result on titration 
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o 440 gram required 10 c c of half-normal caustic soda solution 
for neutralisation What is the molecular formula ? 

13 In what respect does the action of a metallic base {eg 
caustic soda) on an acid differ from that of an alcohol on an 
organic acid ? 

14 Explain the action of ( 1 ) caustic potash, ( 2 ) ammonia, and 
( 3 ) sodium on acetic ester 

15 How could you distinguish an acid from an ester, both of 
which had the same molecular formula, C 4 H 8 0 2 > How would 
you determine the nature of the acid and alcohol' combined in an 
ester of the above formula ? 

16 Why is ethyl chloride to be regarded as an ester ? 

17 Describe and illustrate two methods of preparing esters 
of organic acids 

18 Describe the action of water upon ethyl acetate, acetic 
anhydnde, acetyl chloride, and ethyl chloride 

19 By what reactions would you obtain the following deriva- 
tives from acetic acid acetyl chlonde, acetamide, ethyl acetate, 
acetic anhydnde, monochloracetic acid 5 

20 How is ethyl acetate prepared, and what is its constitutional 
formula ? Explain clearly why the action of caustic soda on 
ethyl acetate has been called saponification 

21 Explain clearly what is meant by an ester How maj 
these bodies be artificially prepared ? How may they be hydro 
lysed, and what products are obtained by their hydrolysis ? 
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The unsaturated hydrocarbons — There are two important 
families„of _unsaturated hy drocarbons — the, olefines and acet yl- 
enes They contain less hydrogen than the para ffins with the 
same number of carbon atoms, and possess the charactenitic 
property' of ^uuUing-3qtT Qfflieir eleme nts, forming, additive com- 
pounds^ It is this property' which lias given nse to the term 
unsaturated 

The most important of the olefines is ethylene, formerly* called 
olefiant gas The n ame olefiant, or oil-forming gas, is connected 
with a property of the gas alr eady mentioned (and disco\ ered 
In four Dutch chemists) "jf jum ti n g ^w ith chlorine to form an 
oi lv liquid (ethylene^ chloride, see p ioi)""The liquid' was 
known at one time as Dutch liquid, and the term olefiant has 
gnen rise to the word olefine, the present name of the family 
It may be,,.prepare.d. the-xemoYa l of In drogen bro mide 
froro jthyl bromide by means of an alcoholic solution of cau stic 

C 2 H 5 Br + KOH=C 2 H 4 + KBr -f H,0 

fth} lene 



or m ore co nveniently^ by taking out _the elements of, water 
from ethy l alc oho1^by,thejaid_ of co n centrated sulphunc acid, 
phosphoric acid, or other dehyd ratin g jigent " 

- r Z * C„H g 0-H,0=C„H j ^ 




^ “ 4 
Eth j lene 


The ot her a lcoho ls behace simi lari\_\utli the exception^ of 
mgtln 1 alcohol which does not give methvlene, CH S , a substance 
never yet isolated, but dimetlul sulphate, (CII 3 )„s6 4 

• «7 
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- Expt 67 — Preparation of Ethylene — Put. a little sand or 
anhydrous a luminium sulpha te into a round flask of about 1 litre , 
capacity, pour in 60 c c of s tro ng sulphuric acid, and add gradu* 
ally 20 c c of ethyl alcohol Fit along, wide, upright tube by a 
cork to the neclrryf'thd'llask, and heat the flask and its contents 
on wire-gauze over a moderate flame After a time the mixture 
darkens and effervesces Ethy lene gas is evolved, an d, .when the 
air.has been expelled, ma y~~beigrnted at the.end. of the upright 
tube, where it bu rns with abright , lummous. flam e Some of the 
gas should then be collected m gas bottles over watei by means 
of a delivery tube attached to the flask in which the alcohol and 
sulphuric acid are heated The gas bottles must then be stoppered 
and placed in an upright position Fill two othei gas bottles of 
the same dimensions one with chlorine and the other with bromine 
vapour Remove the stoppers of the ethylene bottles and replace 
them by glass plates, and invert over them the bottles of chlorine 
and bromine from which the stoppers are also removed On 
withdrawing the glass plate, the gases mix, and the colour of t he 
chlorine and brom ine qu ickly d isap pears Colourless drops of 
oily liquid are then found onthesides of the bottles , they consist 
of ethylene chloride m one case and ethylene bromide m the other 

The reactions are expressed by the equations 
C„H 4 + Cl 2 = C»H 4 C 1 b 

kthjlene 

chloride. 

C a H 4 -fBi „= C a H 4 Bi s 

Ethylene 

bromide 


Ethylene combines also wit h strong (more quickly with fuming) 
sulphuric acid, forming ethyl hydrogen ^sulphate 



(P 3i) 


CJT, + H„S 0 4 = C 2 H 5 H S 0 4 

Ethyl lty 
sulphate 


Fig 38 


Expt 68 — Pour a feu c c of fuming sulphuric 
acid into a glass tube about 25 cm long, closed at one 
end, introduce ethylene gas until most of the air is 
displaced, and close with a cork fitted with a glass 
tap (Fig 38) On shaking and opening the tap under 
strong sulphuric acid, the liquid rises nearly to the 
top of the tube 

This reactio n is u tilised m estimating the amount 
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of olefines, or i nj:eoio^ogJ:hemJrom,ajiuxture_\vith,other ..gases 
or liquids, .which, like the.paraffins,_arejmabsorbed by the acid^ 

It may also be employed for preparing the alcohol from the 
olefine by. bpihng with water the al ky l hydrogen . sulphate ob- 
tained byJthe above process (p 34) t - - ”, , < » f 

C,H S H S0 4 +H 2 0=C 2 H 5 OH+H 2 S0 4 


- As coal gas contains about 4 — 5 per cent of ethylene this 
method might be utilised for obtaining nlonhoL j'rom coal gas. 
, , When ethylene mi xed with hydrogen is passed o verJinelv divided 
^ ( nick el, h ydro gen . is, absorbe d and ethajnejs formed 

C H 4 + H a = C,H 0 ~ 

Eth>Iene Ethane 


Ethylene .also unites^ with the halogen acids, -forming- ethyl 
halides : 

C 2 H 4 +HI = C 2 H 5 I 

Ethj I Iodide 


\\ and w ith hypochlor ous acid^ giying -ethylene^chlorjiydrm 
C 2 H 4 +HC10=C 2 H 4 C1(0H) 

rthjlene clilorhjdrin 

The following is a list of the more important olefines — 


TABLE V 
The Olefines, C n H sn 

Ethylene C*H 4 

Prop) lent C 3 H a 

Butjlene (from butyl alcohol) C 4 H g 

Amylene (from isoamyl alcohol) C 6 H J0 


Boiling point 

-103° 


- 5 ° 

20 - 21 ° 


Structure of th.e olefines — The readiness with which the 
olefines unite with other elements to form additive compounds 
indicates that the fu ll val ency of the carbon atoms is not brought 
mto_play, which is also the case with aldehydeT~and~ ketones 
The question then arises What is the function of the unemployed 
bonds in an unsaturated compound, and how should they be 
graphically represented ? Are Jhey_ inactive _or_ free . linkages, 
(formula I ) such as we usually associate with the formula; of 
nitnc oxide - NO, and carbon monoxide, =C0, or,_on the other 
hand, is the residual valency of the carbon atoms engaged m 

Cohen s Cl 131. Org Chem' - — ' " * 66 

K 
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bTO-TcTrlronVat oiTis. together by formm gua_double 
bo nd (Formula II ) such as w c have tacitly assumed to exist 
between carbon and oxygen m aldehydes and ketones ? 


Formnh I 

— ch 2 


r orrnuH 1 1 

CH„ 


— CH„ 


Ffhjltfjie with free bonds 


ch 2 

Etlij lene « t(h double bond*. 


The question at first sight seems to have little real significance 
Both formulae explain the transition from unsaturated to satu- 
rated compounds, by the addition of new atoms or groups In 
t)i e first^ JJie-frec~*b5h~ds~arc-at-once-brought into action , -m 
the second, one of the doubleJjonds mustjirst be severed On 
the other Hand, the assumption of fre e .bonds (Formula I ) 
presu pposes the existence of substances like methvl. -CH a , 
m^Tncthylene, ==CII 2 , which are unknown, and of two substances 
having the formula C^lij. viz ethylene and ethyhdene 

— CH. CH a 

I ' I 

— CH. — CH 

Etlijlene 1 tli> lidene 

Each of the latter w’ould give rise to a different bromine 
derivative, viz ethylene and ethyhdene bromide, whereas only 
one compound, C 2 II 4 , exists, yielding ethylene bromide 
Theory of the double bond — The principal grounds upon 
which the theory of the double bond rests are firstly, the 
olefines and, m fact, all u nsa turated com pounds, unite with an 
even number of monovalent atoms or groups — in other words, 
the saturation of one unsaturated "carbon atom necessitates 
that of the other, secondly, the unsaturated carbon atoms in- 
variably adjoin one another There is an evident connection 
of a special kind between the two unsaturated carbon atoms, 
for which the device of the double bond is made to serve 
We must be careful, however, to recognise clearly that the 
method of indicating this relationship is not taken to imply 
a firmer connection between the unsaturated carbon atoms, 
but that, on the contrary, a double bond is a point of w eakness 
in the molecule rather than of strength Various theories, 
giving prominence to this idea, have been advanced, resting 
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inamlj on the space arrangement of the carbon bonds (Fig 36, 
p 101) Thus, if we suppose the bonds to dnerge at equal 
angles (109° 5) from the central carbon atom, 
and to retain their positions w hen the two carbon 
atoms are doubh linked, the space arrangement 
uewed m perspcctiie will appear as in Fig 39 
If a bond represents the direction in which a 
force acts, the resultant of two forces acting at 
an angle of 109° 5 will not be the equivalent of 
the same forces acting in a straight line 
According to another theorj , if the result of 
dou ble l inking tends to bend the two pairs of 
bonds from their original positions' - into "a straight line joining 
the two carbon atoms, a condition - " oT~stfain will I5c"sct"up, 
which. \\ill_be a. ca use of instability (Uaeyer’s strain theory) 
Acetylene, C.II 2 — Acetjlcnc was first obsened b> E Da\y 
(1836), but was more carefully studied by Berthelot (1859), 
who prepared it by the direct union of carbon and h> drogen 
by sparking carbon electrodes in an atmosphere of hj drogen The 
apparatus used by Berthelot is shown in Fig 40 It consists of a 
pea r-shaped b ul b dosed at ea ch end a double-bored stopper 
Carbon- electrode s are inserted through two opposite holes of 
the stopper, whilst, through the other two holes, glass tubes 



tiG 40 — Formation of Acctjlem. from C-trbon nml H> drogen 

arc inserted for conducting -a current of.h> drogen through the 
bulb Acetyle ne is also formed by the incom plete co mbustion 
dxqcarliom , "coaFgus, for cvunpIe7~produces acetylene 
wlien a Bunsen burner “ strikes' back ” and bums within the 
metal tube 

Expt 68 — Arrange the apparatus shown m Fig 41 It con- 
sists of a glass f unne l, bent twice jjalright angles, _and dipping into 

K 2 
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a.cylinder containing an a mmoniacal solution of cuprous chloride ' 
A bunsen_burner_isJightcd at the pinhole Jet within the tube, and 
plScecTbelow the funnel A current jof_^air__is -then aspirated 
t hrough the apparat us In a sho rttime^a red precipitate of copper 
\a cetylKlc. C- H-CiuO _as_jdeposited.m the cylinder containing the 
'copper solution The ammoniacal solution of cuprous chloride is 
prepared by boiling strong hydrochloric acid with copper oxide 
and metallic copper until the liquid is transparent and nearly 
colourless The solution is then poured into water, and the 
precipitate of cuprous chloride is washed once or twice by decan- t 
tation, and then dissolved m a strong solution of ammonium | 



/ chloride When required, a little of the liquid is taken, and 
sufficient ammonia is added to give a clear, deep blue solution 

Acetylene is also obtai ned by jthe .a ctio n of alcoholic potash 
oiTethylene bromide “'The process occurs in two steps , mono- 
bromethylene, or vinyl bromide, is first formed, and the latter 
then loses hydrobromic acid and forms acetylene 


CH„Br 

CHBr 

1 

+ KOH = || + KBr + H 2 0 

CPI 2 Br 

CH S ' 


Vjnjl bromide 
or Alonobromethjlene 

CHBr 

CH 

II + KOH = III + KBr + H,0 

CH 2 

CH 

Acet j !ene 
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Expt 69 — Fit up an apparatus similar to that draw n m Fig 42 , 
Allow the gas which is evolved to bubble through an ammomacal 
solution of cuprous chloride, contained 111 a beaker Poui <50 c c 
of a strong solution (50 per cent , made by dissolving 25 grams oi 
KOH in a few c c of water and making up to 50 c c with methyl 
alcohol) of alcoholic caustic potash into the flask, and heat it 
gently When ethylene bromide is dropped m*from the tap-funnel 
a rapid evolution of acetylene occurs, and copper acctylide is 
deposited in the copper solution 



tic 42 


Acetylene^ is now used as an iirununant, and for this purpose 

is obtained J)y thc_actipn_o£_wa_tei;_upon-Galciuni-c{irbide, 

Ca C 2 +H 2 0=C 2 H a +CaO 

Cajcmm jcarbide, or calcium acctylide, was first produced 
commercially by Willson, an American (1892), and was also 
obtained by the French chemist, Moissan, by the aid of his electric 
furnace It JS_^repared_by„ fusings .mixture^ lime, and coke 
by means j}f^ a~ ppwerfu 1 - elec tri c current 

, 3C + CaO =CaC, 2 -f CO 

Cilcitim 

carbide 


The various electric furnaces in which carbide is manufactured 
are constructed on the same principle The heat of the arc 
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produced by the passage of the current between the furnace 
.bed, which f orms the positive electrode .a nd a carboiT'r( 5 dj 
or bundle of rods , which forms the negative clectroge nuses 
the mixture of coke and lime m which the electrodes are embedded 
Various forms of furnaces are used, in some of which the charges 
are introduced and the product removed intermittently , m 
others the process 'is continuous, and the fused carbide runs 
away as it is formed A carbide furnace m its simplest form 
is shown m Fig 43 It consists of a graphite cruciblejn_contact } 
with..a _met al plate, a, _yy hich fo rjnslllielposifune electrode, and 
a carbo n. rod, />, j'yhich„_fprms~the negatue ” 
.electro d e, . the intermedi ate jpace .being filled 
..up _ ivith Jth e_foke_an d Junejnixture 

Expt 70 — Add a few drops of water to 
some calcium carbide contained m a test-tube 
Rapid effervescence ensues, and the gas, 
jAyhich is e\ olved, may be lighted at the mouth 
-of the tube Acetylene burns w ith a w hite, 
intensely lumutOUS~and‘*Tathc r~smolvV flam e 
TfieTgas obtai n ed"*fr6m‘"tHe carbide emits a ' 
smell ol_pl iospKine7 ~wTuch ~is due to traces^ of 
phosphate m the limestone becoming reduced 
to calcium phosphide The latter is decomposed by water, and 
forms phosphine Tor obtaining larger quantities of the gas 
for experimental illustration, a flask is furnished with a tap- 
funnel and delivery tube A layer of sand is placed on the 
bottom of the flask and small pieces of carbide abo\e this 
Water is then added drop by drop from the tap-funnel 



Properties of acetylene — Acetylene is a c olourle ss gas 
w r hich, in the pure state, has an unpleasant s m eU'jof^ga rlic, 
quite unlike the smell of a ’Btmscrrilirf ner when it is " burning 
down,” or of the gas given off from commercial carbide W ater 1 
dissolv.es.its owp v olume, an d.acetone.31 times its own volume, j 
of ace tylen e, at .of andjr6o_,mm and 300^ times its .own lolume 
at i2 _atmospheres This solution, unlike the liquid acetylene,/ 
may be safely stored in metal cylinders, and when burnt with} 
owgen m a blow-pipe flame gives a temperature which readily j 
melts steel and is used for cutting that metal Acetylene burn s/ 
with-a-s mokv and very hot flame Eor-dUu ninating purp oses, 
complete combustionus.eff ectcd by using fine pm -Kole burners. 
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which produce a thin, flat flame, having a proportionately large 
surface It has about 15 times the illuminating power of coal- 
gas Acetylene has been liquefied under a pressure of 26 
atmospheres at o°, and the liquid has a specific gra\ ity of o 45 
It solidifies at — 8i° When m ixed with air (from 3 to 65 per 
cent ) and fired, jt explodes v lolently Ev en the pure gas, when 
compressed or m the liquid state, explodes on heating, or by 
^detonation For illuminating purposes it is therefore necessary 
to have the gas suppl) well-cooled The system upon which 
the various forms of acetj !enc generators are constructed is 
to admit water to the carbide, or to add carbide gradually to 
the water, and to collect the gas m a gas-holder over water 
B\ the first method the gas-holder, on filling, automatically 
shuts off the supply of water to the carbide and so stops the 
evolution of gas As the gas-holder empties, fresh water enters 
the vessel containing the carbide, and the prorcss is repeated 
until the charge of carbide is exhausted By the second method, 
the carbide is added by hand or automatically to a reservoir 
containing water, from which the gas passes to a gas-holder 
Traces of phosphine arc generally present in commercial acetyl- 
ene, and produce, on burning, fumes of phosphorus pcntoxidc 
The phosphine is removed by oxidising agents, such as bleaching 
powder, chromic acid mixtures, etc 

a c ct3'lenc is heate d to a red licatj it is completely 
PlJgjj mto hydr ogen aliB^ Fc^ 
as soot Ai J_aw^UaTGj2erjLt urgs.acetvje nc appears to polymerise 
and form .ben ze ne, according to the equation ~~ — — — 

Benzene 

A „Sb?X a cteri^y^c^ji^ert). of_acetylene_ is tlie^. formation of 
compounds witj^coppeyjmd^Iver known as acetyhdes of copper 
and_silver„ They are^deposited as amorplious^preclpjfalcs by 
passmg the_-g as^ into ammomacal solutions o f cuprous chloride 
and silver nitrate jcspSctively , the copper compound" iTreji. 
that of silver, white The substances have the formula!— 

C 2 H 2 CuA C jH.Agj.0. 

Copper acetj lide Silver ic-tyhde 
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They are e\trcm.dy-fL\p]osiv£_in.t ]ic dry stat e. esjpeciall} .the 
silver compound When decomposed with potassium cyanide, 
or hydrochloric acid, acetylene" iS“h berated ' ~ 

Mono- and di-sodium acctylfdes, C»IiNa and C»Na 2 , are 
also known and are obtained by passing the gas over heated 
sodium 

Additive compounds of acetylene —Acet ylene, like 
ethylene, -forms -additive-compounds -with hydrogen, halogen 
acids, the halogens, .and .water 

i~~ W hen a cetylene— mi\ed— with _ In drogen is passed o\er 
pla tinum bl ack, or finely divided nickel, at. the. ordinary ^tem- 
perature, it is converted into ethylene and then into ethane 

CH CH+H 2 =CH, CH, , 

CH, CH,+H,=CH 3 CH 3 I 

2 Acetyl e ne unites with two molec ules of halogen acid The 
addition occurs in two steps The two halogen atoms attach 
themselves to the same carlion atom, and thus form ethyhdene 
compounds 

CH CH+HI=CH, CHI 

Vinyl iodide. 

ch 2 chi+hi=ch7chi~ 

fcthj hdene iodide 

3,. Acetylene is rapidly absorbed by the haloge ns .Acetylene 
and bromin e-form acetylene diSr mmtlajimi-then-tetrabromide 

CH CH+Br,=CHBr CHBi 

Acetylene dibromide 

CHBi CHBr+Br 2 =CHBi 2 CHBr 2 

Acety lene tetrebiomid e 

Expt 71 — Preparation of Acetylene tetrabromide — Till a gas- 
holder with acetylene, and bubble the gas through a U-tube 
containing bromine cooled in ice After a time the bromine is 
decolorised The heavy colourless liquid which is formed is< 
acetylene tetrabromide It is purified like ethyl bromide m 
Expt 9, p 30 Acetylene tetrachloride, C 2 H,C 1 4 , and the tri-/ 
chloride, C 8 H 3 C 1 3 , are now produced as commercial products for’} 
use as solvents, etc 

Structure of the acetylenes — The acetylenes contain 2 
hydrogen atoms less than the olefines, or 4 hj drogen atoms less 
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than the paraffins The 
aceta lenc is represented as 

relation of 
follows 

ethane, etha Iene, 

C n U + 2 

Ciill’n 

C n H 2ll -; 

PinHin 

Olefine 

\cetj len* 

C,H 6 

C 2 H 4 

C 2 H 2 

Citrine. 

1 thjlene. 

Acetj lenc 


For similar reasons to those which ha\c been advanced in 
the case of the olefines (p 130), the unsaturated carbon atoms m 
the acet\lencs are assumed to be linked b\ a 
treble bond Thus, each carbon atom of the 
group has one bond free, which is united to 
hadrogen or an alh\l group The union of the 
unsaturated carbon atoms in the acetalcncs is 
still less stable than that of the double bond in 
the olefines, and the space arrangement shown m 
Fig 44 has the same significance as that represented 
m the case of the olefines (Fig 39) 

In jnanj respects the acetj lencs resemble the 
olefines, bujt jthc_ former .undergo change more rcadil) , and 
gcnerall) speaking show less stability 



QUESTIONS ON CHAPTER XII 


1 Gi\c a method for preparing cllnlenc Name three of its 
characteristic properties 

2 Devise a method for preparing alcohol from the elements 
carbon and hjdrogen 

3 Compare the properties of the paraffins, olefines, and acetvl- 

enes J 


4 Describe a method for preparing prop\ lenc What products 
are obtained when propylene is acted on by bromine, hadnodic 
acid and sulphuric acid ? Give the structural formula of the 
products 


5 Describe a method for preparing ethylene How can 

, converte ? » nto («) ethylene bromide, ( b ) ethyl iodide, 
(c) cth^l hydrogen sulphate, (rf) ethyl alcohol ’ 3 

umU'^ado C ubfcto„d C f r,:SCntCd “ “"““I'"® carb[m at ° ms 
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7 How would you separate ethylene from ethane m a mixture 
of the two gases, and how would you identify ethylene ’ 

8 Describe a method by which ethyl iodide may be converted 
into ethylene, and vice versa 

9 In what way can acetylene be distinguished from ethylene ? 

10 Explain what is meant by the term unsaturated compound 
How are such compounds identified ’ 

11 Given io c c of a gas which is either marsh-gas or ethylene, 
how would you experimentally determine the composition of the 
gas’ 

12 State concisely the chemical reasons for concluding that 
ethylene should be represented by the formula C 2 H 4 and not by the 
formula CH. 

13 Draw a diagram of the apparatus required m the prepara- 
tion of ethylene dibromide, and state the method of procedure 

14 Starting with acetylene, show how ethylene, ethyl alcohol, 
and so-called cuprous acetylide may be obtained from it 

15 How is acetylene best obtained ? Compare the action of 
bromine upon this compound with its action on marsh gas and 
ethylene respectively 

16 The formula for ethylene is written CH 2 =CH 2 Give your 
reasons for preferring this formula to — CH»— CH.— What are 
the general properties of this class of hydrocarbons ? Give 
examples 

17 Describe the preparation and use of acetylene How 
would you distinguish between acetylene and methane and why 
is the acetylene flame more luminous than that of methane ? 




CHAPTER XIII 

COMPOUNDS WITH MULTIPLE FUNCTIONS 

Polyhydric alcohols — It Mas stated on p iio that in addi- 
tion to the alcohols, such as methyl and ctlnl alcohol, with one 
hydroxyl group (monoh\dric alcohol), other alcohols arc known 
containing more than one of these groups and are termed poly- 
hydne alcohols Of these alcohols the most interesting arc glycol 
or ethylene glycol (dihydric alcohol) and glycerin, or, as it is 
now commonly called glycerol (tnhy dric alcohol) In the same 
way there arc compounds containing both hydroxyl and aldehyde 
or ketone groups which function both as alcohols and also as 
aldehydes and ketones This group of In droxy -aldeh ydes 
and -ketones includes the importa nt cla ss of carhohyd ratpe, 
The .hydroxy-acids m which both alcohol and aq d-nropcrties 
nre umtol in tTrT^n^lecul^^rc J ^Di^i£nIgd_Ji\-.lachc. malm. 
Jartaric and citnc acids.. 

Other compounds contain more than one carboxyl group, such 
as oxalic, succinic and malonic acids, which are dibasic acids 

A further class of compounds containing an ethylene or un- 
saturated group united to other groups, such as carboxyl, form 
the important class of unsaturated acids to which oleic and 
hnoleic acids belong 

These substances will now be considered, and their study 
is greatly facilitated by the fact that the groups retain to a great 
extent their mdmdual properties A hydroxyl group retains 
the properties it possesses in an alcohol, and a carboxsl group is 
still acidic as in acetic acid, whate\er the other groups ^present 
may be 
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Glycol (ethylene glycol) was prepared in 1859 by Wurtz 
and so named by him on account of its sweet taste (ykvKvs, 
sweet ) It is obtained from jthvlene chloride or h rnmidp. hy 
boiling with water m which p otassium car bonate is dissolved 


CH 2 Bi 

CH.Br 


+H 2 0+K 2 C0 3 


CHo OH 


-fzICBr+CO. 

y 


The product is then distilled and separated by fractional 
distillation It is a v iscid liqu id .which boils at iq s° It is 
.freel y soluble m w ater and- pnssesscs in a twn-fn Jd deg ree t he 
properties of an alcoh ol 

Thus^witETsodium it forms a mono- and a di-sodium compound 
which, boiled with ethyl iodide, yield a mono- and di-ethyl 
ether, whilst with one or two molecules of acetyl chloride it gives 
a mono- and di-acetate £ 


CH 2 ONa 
CH 2 OH 

Sodium glycoHte 

CHo ONa 

I 

CH 2 ONa 

Disodium gljcolate 


CH 2 OC s H a 

CHo OH 
Glycol ellijl ether 

CHo OC,H 6 

I 

CHo OC„H b 

Gljcol diethyl ether 


CHoO COCHj 

ch 2 oh 

Clycol monoacct'itc 

CHo O COCH 3 

ch 2 0 coch 3 

Gly col diacetate 


hyd rochloric acid replaces only „one_ hydroxyl group by 
^chlor ine, but phosphorus pentachlori de rep l aces tw o The first 
ls etHylene~cliIorlTydr 1 n~ the second^ethylene chloride 


I'll CH 2 C1 

1 ll ^ CH„OH 

lithj lene chi >rhy drm 


CHjjCl y 


CHoCl 

Ethylene chloride 


Glycol being a dipnmary alcohol, it should } leld by successive 
oxidation of the alcohol groups to aldehyde and carboxyl groups 
the following senes of products 


CH 2 OH 

1 * 

CHo OH 
| 

CHO 

CHO 

co 2 h 

CHO 

co 2 h 

| 

CHO 

| 

CO.H 

CO.H 

Gl> collie 
aldehyde 

Gljcollic 

acid 

Glyoxal 

Gl> ox-tlic 
acid 

OxtIil 

acid 
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All these compounds arc known, but only three of them, 
uz ghcolhc, gh o\alic, and o\ahc acids, ha%e been directly 
obtained from ghcol b} oxidation 

Thus, we sec that ghcol conforms in chemical properties 
preciseh to the beha\ iour of a compound possessing tw o primary 
alcohol groups 

Glycerol, glycerin, or glyceryl alcohol, 1 C 3 H s (OH) 3 — 
Ghcerol is the onh representatn e of the trilndric alcohols It 
was disanered b> Scheele m 1779 who founi£r^s\\eet-tastmg 
liquid separated when oli\e oil was heated with litharge It 
was afterwards observed bj Chetreul to be a comm on constituent 
of-natnntHits-and.oils (p 11S) A small quantit) of gl) cerol 
is also found among the products of alcoholic fermentation 
Ghcerol is a_\jscid , jcolp urless-1 1 qu 1 d with a sj\eet_tastc which, 
when pure, crystalljscs slowlj on cooling and then melts at xj° 
It boils at 290° with ^r\ slight decomposition when pure, and 
it can be readilj distilled with superheated steam or under 
diminished pressure It is lngr oscop ic_ and mix es jvuth^vater 
in all proportions 

The constitution of ghcerol has been determined bj numerous 
sj ntheses Acetone gi\es isoprom 1 a lcohol on reduction, and 
thejatte r wherTl iiealcd ^ with sulpl iunc acid forms~pro p> lene" 
Prop} lene com bines _ with, .chlnnne , piu ng prop\lene chlor ide. 
whlcinodine chlonde comerts into t nchloroprnpanp, nr glyccr}! 
trichl oride \Vhen— gh cen l-chloridc is -heated with water to 
it yields g h cerol 


ch 3 

CH, 

l 3 

CH.C1 

CH.(OH) 

CH 

!! 

-5- CHCI 

1 

chci 

1 

CH(OH) 

CH; 

CHX1 

CH_,C1 

CH.(OH) 

Propj !*ne 

Propj Itre chloride 

Cljeerjl trichloride 

Gl> cerol 


Chemical properties of glycerol —The chemical behauour 
of ghcerol fulh bears out the abo\e constitution It- has the 
properties of a tnindric alcohol It forms esters by uniting 
with 1, 2 and 3 molecules of acet^f chloride 'Thus, mono-, 

Tiic term glycery l is applied to the tmalent radicil, CIL' CH' CH.' 
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di-j and tn-acetyl esters are known, and are named respectively 
mono-, di-, and tri-acetin 


CH. O CO CH 3 

I 

CHOH 

I 

CH.OH 

Mono acetin 


CH 2 O CO CH 3 
CH O CO CH 3 
CH.OH 

Di acetin 


CH. O CO CH. 
I ‘ 

CH 0 CO CH. 

I 

ch 2 o CO ch 3 

Tn acetin 


The glycerides of palmitic, stearic, and oleic acids, which occur 
m fats, etc , are tnacid esters, and should strictly be termed 
tnpalmitin, tristearin, and triolein 
The mono-, di-, and tn-nitrates of glycerol are also known, 
the last, which is referred to below, being incorrectly named 
nitroglycerin 

When hydr ochl o ric acid gas is passed into glycerol it is 
absorbed a nd form s glycerol a-mo n 0 ch 1 orhydnn^Fffie'glycerql 
is dissolved in ac etic acid and Keated "wh l Is t“ the* gas is~passed 
in, Jthen the dichloTliydriins^produced , ~the~third hydroxyl^ 
group can Jje replaced j3 y-chlonff e"T5 y ~the act miLof-phosphorus 
chloride, the product being glyceryl_ trichloride,- which, smells 
like chloroform All three substances are liquids 


"CH.OH 

■ cHxr ~ 

CH.CI 

| 

CHOH 

| 

CHOH 

| 

CHCI 

| 

CH.CI 

Gljcerol 

a monochlorhjdnn 

| 

CH.CI 

CI>cerol 
aa dichlodi> drill 

| 

CH.CI 

Gl> cerj 1 
trichloride 


The products of oxidation of glycerol, theoretically possible, 

are very numerous, and many of them have been obtained 

either directly or indirectly from glycerol Glycerol contains 

ti\o primary and one secondary alcohol groups The two primary 

groups should yield successively aldehyde and carboxyl groups , 

the secondary, a ketone group B_\ the action of dilute nitric 

acid-on-glyceroK-glyGerioand tartronic acidsJi av e been ob tained" 

On further oxidation, oxal ic is form ed 

CH.OH ~ CO OH 

I I 

CHOH CH OH 


CO OH 

Glyceric leid 


CO OH 

Tnitronic acid 
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B\ heating gh cerol w i th potassium hy drogen su jphate_.it 
loses .th^le mentsTo f water and gnes a crolein, which lias the 
acrid and penetrating smell of burnt fat the latter being due 
to the decomposition of the gly cerol of the fat 

, CH.OH CH. 

7 1 “ II ‘ 

CHOH -2ILO = CH 
1 ' I 

CH.OH CHO 

\croIem 

Expt 72 — Heat m a test-tube 5 c c of gh cerol with 
1 gram of pondered potassium hydrogen sulphate and notice 
the smell 

Acrolein is a cqlourlcss_hqvud which boils at 52 0 It has 
the properties of an aldehyde, reducing alkaline solutions of 
silver and 'copper whilst" its" olefine character is shown by its 
union with the halogens and halogen acids 

CH. CH CHO -f Br. = CH.Br CHBr CHO 

Bromine is immediately decolorised On oxidation acrolein 
is comerted into acrylic acid (p 192) 

Manufacture of glycerol — Glycerol is manufactured on a 
large scale for a great variety of industrial purposes The chief 
sour,ces_are^t h e„ fa is and oils a nd spent lyes of the soap works 
It has alreadv been stated (p 119) that the fats and oils __are 
usually by droly sed.oither _w itli .a .little strong sulphuric acid, or 
by superheated^steam, injhe presence, of a' small quantity of 
lime In the sulphuric' acid process, which is used for the 
poorer qualities of fat and oil, some of the glycerol is decom- 
posed by the acid, but the remainder is recovered from the 
liquors from which the fatty' acids have been separated In 
the lime process the “ sweet water ” which contains the gl\ cerol 
is concentrated, filtered through animal charcoal to remo\e 
colouring matter and evaporated to the requisite specific gravitv 
The spent lies of the soap works, containing 5 to 8 per cent of 
gly'cerol, were until recently a waste-product At the present 
time they are the mam source of the gly'cerol used in commerce 

Gh ccrol_js_ jisuaf h p u nfied_by_dystijlation vuth ^supe rheate d 
steam The distillate, w hich contajnJ^waterTTTev aporated to the 
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requisite consistencyjn .steam-Jieat ed vacuum pans, i e vessels 
fronTwhich the air is partially exhausted In this way evapora- 
tion can be rapidly effected at a temperature at which no 
decomposition or discoloration of the glycerol can occur 

Glycerol combine s with metaphosphonc acid to form glycero l- 
phosphoricjicid' 

C 3 H 5 (OH) 3 + HPO a = C 3 H 5 (0H) 2 0 P(OH) 2i 


the jsalts of wh ich-are-used^as-toniGs^ m medicine Bu t the 
gre ater p art of the distilled glycerol is used m the manufacture 
of nitroglycerin"^ ' ' " ", 

( ' Nitroglycerin, Glyceryl trinitrate, Nobel’s oil, C a H 6 ( 0 N 0 2 ) 3 
— The formation of nitroglycerin by the action of nitric acid 
on glycerol was discovered by Sobrero in 1846, but the prac- 
tical application of this discovery to the manufacture of 
explosives is due to Nobel, a Swedish engineer (1862) Nitro- 
glycerin is prepa red b y mi xing 12 parts of fuming_ pitnc„acid 
an d 2o_ parts of sulphuric acid an d im ecting_into the_ivellr.cooled 
acid mixture~a~~s prgf^rglycerof (4 parts), which is forced m by 
jTcurrent of air ” 

"C^(0ft) 3 + 3 HNO s = C 3 H 6 (ONO s ) 3 + 3H.O 

N Gljcerjl nitrite, or 

Nitrogljcerin 


The sulphuric acid serves to unite with the water which is 
formed in the reaction The mixt ure is allowed to st and, and 
the jntroglycerin, which forms jTlayer on the. surface, is run 
'into water, from which it separates as a Jheayy^oil JLt-is-well- 
mixed with the iTa ter ~"and _ th en with a solution of sodium 
'c arbona te-to. remo ve al l trace of acid, which, if present, renders 
the substance liable to decompose and explode Jt„is_finally 
freed from wateTb y filte ring tjuroughjlannel or felt covered with 
alayerjof .salt 

1 Properties of nitroglycerin — Nitroglycerin is a heavy, 
colourless l iquid of specific gravity 16, which solidifies at' 8° 
TThas^a sweetish, Jiur mng t aste, and is poiso nous In minute 
doses it is used in medicine "" When spread m a thm layer over 
a large surface, TTmay be i gnited without danger, and bums 
quietly , but wheuluad enlylieated, it explodes like most of the 
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nitric esters A more Molent explosion is produced by 
detonation 

The uncertainty which first attended the use of the oil as an 
explosu e led to the discoi en that the admixture of inert ab- 
sorbent materials, whilst increasing, the explosu e force, rendered 
the mtrogl) cerm less sensitu e and more easil) manipulated 
Dynamite is made by mixing 3 parts of mtroghcerm with 
1 part of kieselguhr, a fine siliceous earth which is \eiy light 
and porous, and can absorb considerable quantities of mtro- 
gl) cerm without becoming pasty The mixture is moulded 
and compressed into cartridges and fired by a detonator (mercury 
fulminate) Blasting gelatine is made bj dissolving 7 parts of 
nitrated cellulose (p 166) in 93 parts of mtroghcerm, and 
forms a solid translucent mass Cordite is prepared from nitro- 
ghcerin (iS parts) and gun-cotton (73 parts) made into a pulp 
with acetone, to which a little vaseline is added The pulp 
is squeezed through small holes into threads from which the 
acetone e\aporates, and the threads are cut up and used for 
smokeless rifle cartridges A great number of explosu es are 
prepared containing mtrogl) cerm mixed with such substances 
as sawdust, charcoal, nitrates of potassium and ammonium etc , 
and are known as forcite, vulcan powder, lrthofracteur, etc 
The method of preparing mtrogl) cerm resembles that of 
etlul nitrate from ethyl alcohol and mtnc acid Nitrogh cerm 
is _ m fact an ester and not a mtro-comp ound (p 35), and hkeT 
an ester it is In drolvsed b y caustic alka lis 

C a H s (ON 0 2 ) 3 -1- 3KOH = C 3 H 5 (OH) 3 + KNO s 

The name mtroghcerm is therefore a misnomer, but it has 
become established through usage as the technical name of the 
compound 


QUESTIONS ON CHAPTER XIII 

1 -Give examples of a di- and tn-hydne alcohol 

2 How is ghcol obtamed ? Compare the physical and 
chemical properties of ethyl alcohol and ethylene gl) col 

3 What is the action of w ater and a metallic oxide on eth\ hdene 
chloride 5 What relation does acetal bear to gl) col ? 

Cohen s CL Bh. Org Chem T 
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4 Give a list of all the possible oxidation products of ethylene 
glycol Which of these have been actually obtained from the 
glycol ? 

5 Explain why glycol is regarded as a di-primary alcohol 

6 How has glycerol been obtained synthetically "> 

7 What is nitroglycerin and how is it obtained "> Is the 
substance correctly described as a nitro-compound ? Give'your 
reasons 

8 Common alcohol is spoken of as a primary monohydnc 
alcohol , explain the meaning of this designation 

9 How is glycerol obtained ? Describe the action upon it of 
hydnodic acid, hydrochloric acid, oxalic acid, nitric acid, acetyl 
chloride What substance is formed on heating glycerol ? 

10 What are the natural sources of glycerol and how is it 
obtained on the industrial scale ? How can it be shown that 
glycerol is a trihydric alcohol, and what products are obtainable 
by its oxidation 5 

11 Glycerol is called a tnhydric alcohol In what way does its 
behaviour j ustify the name ? How would you distinguish glycerol 
from a syrup made from glucose or cane-sugar ? 

12 Enumerate the substances which may be obtained directly 
from glycerol and express the reactions by equations 




CHAPTER XIV 


tnr CARBOHYDRATES 

The carbohydrates — The most important members of the 
famih of In dnm -aldehj des and ketones arc the pentoses and 
liexoses (so called from the number of carbon atoms), which, 
together with certain related compounds of a highly complex 
structure, are grouped together under the name of carbohydrates 
Ihc carbohydrates arc among the chjef prod ucts of plant life, 
and are also found, but less cxtensi\el), m the animatlHngdom 
Grape-sugar, frui t-sug ar,^ can_c_-siigar,_slarch,. cellulose, and the 
gums arc vegetable products, whilst milk-sugar, glycogen, and, 
occasionally, grape-sugar, arc derived from the a ni ma[ "orgirn fsin 
The study of their formation and decomposition in the living 
organism belongs to the domain of plant and animal ph> siologj 
Organic chemistry is concerned with their chemical changes 
outside the bod) 

The wide distribution of the carboh)diates, their extensive 
consumption as food, and their cmplo) ment in \ anous indus- 
tries (as in the manufacture of fabrics and paper and in the 
production of alcohol) have given them an interest and import- 
ance possessed by few other groups of organic compounds 
Some of the carbohydrates, like cane- and grape-sugar, are 
crystalline, soluble m water, and sweet , whilst others, like starch 
and cellulose, are tasteless, insoluble in water, and possess an 
organised structure Although these two groups show marked 
differences in ph)sical properties, they are, nevertheless, closely 
related chemically Tlie_inajority_contam hydrogen and oxygen _ 
£ the. proportion found in water, so that their composition mny^ 
be e' pressed by the formula C x (ll„0) y This fact has given 
rise to the name h)drate of carbon, or carboh) drate The 
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more* c omple x-members-are readily h yd rolysed, b y acids or 
hydrolytic enzymes (p 23) into one or more of the simpler 
members Thus, starclL_and^cellulose, on. boiling . with dilute 
sulpltunc-acid^are-both converted-mto_grape : sugar 
(C 6 H 10 O s ),i -f- «H»0 = nC 0 H 12 O c 

Starch or Cellulose Grape sugar 

Classification of the carbohydrates — The cgxlmhydr-ates. 
falLn aturally into two classes, as explained above , th e , swe et 
and cr ystalline substances fo rm-o ne class, termed sugars , and 
the tasteless , and non-crvstallme compounds belong to the oth er 
The sugars are further divisible into two principal groups of a 
more or less complex molecular formula There__are_three 
groups, therefore — whic h are distinguished_by the names mono- 
saccharoses, wit h 5 and 6 carbo n atoms, of the general Jormulre 
C 5 H 10 O^and C c H 12 O g , the jhsaccharoses, with 12 carbon atoms, 
oTTIie^ireralTonntfta _C, 2 n 22 O u . (th ere is also a trisaccharose 
of tlurTormulaTTjgHjnOns ,) and the polysaccharoses jaf unknown 
but liiglPnioleculaF^weight, jpossessing^ the empirical formula 
"C^oOfi, usually written (C 6 H J0 O b )i, ^ 

Table VI 'contains a list of the more important natural carbo- 
hydrates \ 

TABLE VI 


Tin Natukal CArnrfinDrAi fs 


1 nr Sugai s 

1 

Monosth chin oses, 
Pentoses, 
CjHioOji 

+ Afalnnose 
-}- Ribosc 
-f- \}losc 

He roses, 

QHijOb 

+ Glucose, Gnpc 

sugar, or Dextrose 
— Fructose, I ruil 

sugar, or La* ulosc 
+ Galactose » 

-j- Mannose 

Disacchai oses, 

-f- Cane sugar, or 

Sucrose 

-f- Milk sugar, or 

Lactose 

-f- Malt sugar, or 

Maltose 

7 nsaciharose, 

GjjHjjOjj, 

-j- RaflmosL, or Mill 
tnose 

Po/jsaee fiat oses, 
(C 4 II 10 O J „ 

| Starch 
-j- Cellulose 
— Inulm 
-f- Gljcogcn 
j Dextrin 

The Gums 
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Properties of the carbohydrates — ,Most of the natural, 
carbohydrates are optically actnem solution (p ~i7~i)T~and in 
the table tl^clwfac't'er“orTlie~ rotation , whether dextro (right- 
handed) or ke\o (left-handed), is indicated by the plus or minus 
sign 

Glucose, grape-sugar, or dextrose, is widely distributed 
among plants, especially m the sweet-tasting parts, as in the 
nectar of flowe rs and i n ripe frui t, w here it is,usuaIh_asgociatcd 
with fruit and can e-sugar It has received the name grape- 
sugar~ from~its presence in ripe grapes, of dextrose from its 
dextro-rotation, and of glucose from its sweet taste (yXtKus, 
sweet) 

The discovery of a hc\ o-rotatory grape-sugar has led to the 
substitution of the name dextro-glucose, or simply glucose, foi 
dextrose, although the latter name is still retained for t he natural 
sugar Glucose is a constituent of many glucosidcs (p 209) 
Injrases tfjhabcics melhtusjti. is found in the urine, sometimes 
to the extent of 8 to 10 per cent " 

In. 'Small quantities pure jglucose is most readily obtamedjrom. - 
cane -sugar Cane_-sugar„ is dissolved in~ Qo"pcF cent alco hol 
and a Jittlejtrong hydroc hloric acid added On gently warming 
t _be mixtu r e, ~ th e cane'-sugar" is'liydrojyTcd and brealv'T~up’ into 
glucose_and.fructosc ~ 

C i; H :i O C fi H ijOg-f- C 0 Hj ; O c 

C-vne ^up-vr Glucose Triiciose 

Glucose, JieingJcss_solublc m -alcohol Jthan Jruclose, separates 
m anhydrous crystals K ~ - 

Expt 73 —Preparation of Grape-sugar —Mix together 300 c c of 
alcohol (strong spirit will do) and 12 c c concentrated hydrochloric 
acid and warm to 45°-5o° and add gradually 100 grams of canc . 
sugar and stir until dissolved Add a few crystals of anhydrous 
grape-sugar and allow the solution to stand 'for a day or two m 
as cold a situation as possible Grape-sugar melts at 196° 

- + 

Glucose is manufactured. by boiling starch with very dilute sul- 
J 5 huncjj£id, The starch is thereby hy droly sed and converted into 
g ucose (p 163) The resulting liquid js neutralised w ith chalk, and 
filtered, and the filtrate decolorised by filtratiotTlRfbijgiranimal 
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^arcoal The solution is evaporated to the requisite consistency 
m vacuum-pans (p 156) The product solidifies on cooling, 
and forms an amorphous-looking .mass, which always contains 
dextrin (p 164) C ommer cial glucose is used as a sweetening 
material in the m anufactur e of^TonTectionery, preserved fruit 
and jam, wines, fiqueursTand as a substitute for malt in the 
brewing of beer * 

Properties of glucose — Pure glucose dissolves in 1 2 parts 
of water It crystallises from aqueous solution with 1 molecule 
of water, and the crystals melt at 86°, whilst from alcohol the 
anhjdrous compound separates, melting at 146° Glucose is 
dextro-rotatory m aqueous solution Its specific rotation 1 is 
given by the expression [a] D = +52 0 5 

Reactions of glucose — Glucose gives the following senes 
of reactions C austic alkalis, .added to a solution of glucose 
and warmed, produce a brown solution 

Expt 74 — Add a few drops of caustic soda solution to a dilute 
solution of glucose, and warm gently The colour of the liquid 
changes to yellow and then to brown 

Gluco se reduces an am moniacal - solation— of silver nitrate, 
metallic silver being deposited 

Expt 75 — Add a few drops of a solution of glucose to half a 
test-tube of ammonia silver-nitrate solution, and heat the test- 
tube m hot water A mirror of silver will be deposited 

An alkaline solution of cop per-sulp hate is reduce d, and cuprous 
oxide is precipitated 

Expt 76 — Add two or three drops of copper sulphate solution 
to a solution of glucose, and then caustic soda solution, until a 

1 The term specific rotation is used to denote the de\ lation of polanscd light 
produced b> a liquid or solution containing 1 gram of substance mice of 
liquid in a layer 1 decimetre m length This is calculated from the strength of 
the solut on and the length of the column of liquid with which the deviation 
is determined , the deviation being proportional to the strength of the solution 
and the length -of the column of liquid The specific rotation is represented by 
the symbol [o] D , the n standing for monochromatic light produced by the 
sodium flame The temperature should also be indicated bj writing it above 
the letter d, thus, 0 
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clear blue solution is obtained When the liquid is boiled a 
yellow precipitate of cuprous oxide is formed, which rapidly turns 
j red 

/J The following reaction, which is given by all soluble carbo- 
? i’ hydrates, is known as Molisch’s test 

f. 

} Expt 77 — Ad d two or thre e dro ps of an alcoh olic soluti on _of 
q-n aphthol t o the glucose~solution ,an d .'.caref ully p our .d own ^the 
| side olth £lest 3 :ube~sbme J stcong sulphuric acid At th e-jnrrction 
J„of .the two layers.a blue or. vi olet co l our will be developed 


P henylhydrazine in presence of acetic acid produces ,-_ on3 
heating, a yellow, crystalline precipitate of phenylglucosazone j 4 

Expt, 78 — Dissolve about 0 5 gram of glucose in 5 c c of water, 
and add a solution of phenylhydrazine acetate The acetate is 
prepared by dissolving about 1 gram of phenylhydrazine m the 
same weight of glacial acetic acid and diluting to 10 c c Mix the 
two solutions in a test-tube and heat m boiling water In a few 
minutes a yellow, crystalline mass of phenylglucosazone is depo- 
sited, seen under the microscope in the form of crystalline tufts 
The substance melts at 204°-205° The reaction occurs according 
to the following senes of equations Glucose phenylhydrazone 
is first formed 


1 CH. OH 
(CHOH) 4 

CHO+H 2 N NH C 0 H b 


ch 2 oh 

= (CH OH) 4 -fH 2 0 
CH N NH C b H 6 

Glucose phenjlhjdra/one 


The glucose phenylhydrazone is oxidised by a second molecule 
of phenylhydrazine and converted into a ketone, which is the 
phenylhydrazone of glucosone, and the latter unites with a 
third molecule of phenylhydrazine and forms the glucosazone 


2 CH 2 OH 

J 

(CHOH) 3 


CH OH 

I 

CH N NH C 6 H 6 


+NH 2 NH C 6 H 5 = I 


CH S OH 
(CHOH) 3 


CO 


+NH 3 +NH 2 C 0 H 5 

' Aniline 


CH N NHC 6 H 6 

Phen\1h)drazone of 
glucosone 
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4 CH 2 OH CH 2 OH 

I | 2 

(CH OH) 3 (CH OH), 

I = I +h 2 0 

C 0+H 2 N NHC 6 H s C N NH QHj 

CH N NHC e H 5 CH N NHC 0 H B 

Pbenylglucosazonc 

Constitution of glucose — G luc o se for ms a pentac etyl 
derivative, and ther efore—contains 5^ hydroxyl group s Each 
h vdrow l frrouP-JS_probably-attachedJ:o.ajiifferent carbon-atom, 
peeing that when 2 hydroxyl groups are atta ched to the_.sa.me_ 
^jjl 5 orrat om~the'elem ents o f water are removed On. oxidation 
it gives gluconic aci 3 1 ~~]C 5 H u 0 5 C 0 2 If i _.and saccharic acid, 
C 4 II 8 0^C07ll^ ITlie^variousIreactions already described stamp 
glucose -as-an-aldehydc The formula for glucose is therefore 
that of a pentahydroxyaldehyde 

CH 2 (OH) CH(OH) CH(OH) CH(OH) CH(OH) CHO 

Structural formuh Tor Glucose 

Fructose, fruit-sugar, or laevulose, C e H l2 0 # — It has 
already been stated that fru it-sugar is associated with grape- 
sugar m many fruits, and the, mixtur e is “probably produced 
b^tligjh Tdfolysis o rcane^sugar, which lFnbwInown to precede 
the formation of the other carbohydrates m plants The name 
Imvulose, which was given to the natural sugar on account of 
its lievo-rotation, has been replaced by the word fructose, since 
the discovery of a dextro-rotatory fruit-sugar Fructose may 
be ob taine d from cane-sugar by. hydrolysis with.dilute julphuric 
acirU Tbut is "prepared commercially by the hydroly sis of inulin 
(P 167 ) 

Fructose is now .produced commercially for the use of diabetic 
patients to replace cane-sugar It appears to be assimilated, 
wh er eas . gl u cose is excreted _un changed "Fructose crystallises 
in rhombic prisms which "melt” at 95 0 .It_ js laevo-rotatoryj 
[ajo — — 92 0 It has . a swe et ta.ste .and^gives many, of ..the 
reactiQ ns_pjL glucose Although fructose is jiojbjin aldehyde but 
a_ketone- (see below), it ne verthe l ess re duces alkaline "copper 
solution This__is due to. the .presence of. the easily oxidisable 
group. — COCHo(OH) With phenyjbydrazine, .fructose fields 
an osazone. "which is ldcnticaTw ith glucosazone Fructose also 
undergoes fermentation with jeast, though less readily than 
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glucose, the latter being first rcmo\ ed v\ hen a solution of the 
two sugars is fermented 

Constitution of fructose — Fructose forms a pentaietyl 
derivative- like glucose On oxidat ion, it docs not, like gluco se, 
form an acid, with the samil numlVcirol jcarlion atoms, but breaks., 
up Into f ormic acid an d droxy butyric acid This decom- 
position p"oint?totIie presence of a ketone group m the molecule 

CH. OH 

(CH OII) a 
I 

CO 

I 

CH. on 

Vmclo'.e 


The above formula for fructose agrees, moreover, with the 
production of the same osazonc as that obtained from glucose, 
a reaction in which the two end carbon atoms of the chain 
arc involved (p 152) 

CH-OH CH-OII 

(CH OH) 3 (CH OH) 3 

CO+H 5 NKHC c H 5 = CNNIIC c H.+H s O 

CH-OH CIIjOH 

r ructoic 

Uticnjllijilrvonc , 


CH-OH CII-OH 

(CHOH) 3 (CHOHY, 

r xt vu r + 2C « H <> TH l +C,n - NII,+NII, 

C N NH C c H 5 CNNHCJI, 1 

CH PH CH N NH C S H 5 

Phcnjlj;luco«iaronc 


Galactose, C B lIi»Or, is obtained from milk-sugar, or lictose 
(P l6 °), by boiling with dilute sulphuric acid The milk-sugar 
Sg^P g inPigUnto glucose and galac tose. m much the same Way 
that cane-sugar yicldjf gTucoscT and fructose 


Ci-H,-0 1 jd-II„0=C«H 1 ,0 c -f C 6 H 15 O r \ 

Milklopr Glurose G 'iWctO'vc 

Galactose is less soluble m water than glucose or fructose 
it crystallises m microscopic, hexagonal plates melting at 68° 
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It forms a pentacetyl derivative On reduction it yields dulcitol 
and on oxidation it forms the monobasic acid, galactomc 
acid, which is isomeric with, gluconic ' acid, and the dibasic 
acid, mucic acid, which is isomeric with saccharic acid It 
reduces alkaline copper sulphate solution, forms an osazone, 
which melts at i93°-i94°, and undergoes fermentation by yeast, 
but more slowly than either glucose or fructose The proper- 
ties of galactose point to the same structural formula as that 
of glucose, and the difference between the two compounds must 
be one of space arrangement or configuration of the atoms 
(p 173) It is dextro-rotatory, a D = +8o° 

Mannose, C 6 H 12 0 6 , was first obtained by the oxidation of man- 
nitol with bromine in presence of sodium carbonate , but it has 
since been identified as one of the products of hydrolysis of 
certain carb ohydrates. sucfi‘‘“as“the'” cellular tissue of the ivory- 
-nut _ Mannose, unhk eHEKe ^ dtKer~Kexos"es, 'forms an insoluble 
phenylhydrazone by; ..which, jt ’may_.be Identified ft has the 
same structural formula as glucose, and 5 lelds the same osazone, 
but possesses a different configuration It is de xtro-rotatory, 
and under goes fermentation by yeast 


Disaccharoses 

Cane-sugar, C 12 H 22 O n , is found m the root, the tubers, and 
m the stems and flowers of many plants, as well as m the sap 
of certain trees It l sjobta ined.chiefly from beet-root and sugar- 
cane , and m the United States, to a small extent, from the sugar 
maple, maize, and sorghum, a plant belonging to the grass 
family Cane-sug ar, kno wn as jaggery, is m ade from a _snecies 
of palm - 

The sugar-cane was originally grow n in the East— India_and 
Arabist— an d was introduced into "Southern Europe by the 
Moors, whence it waTtransplanted''to"the West Indies and other 
tropical countries 

The sugar-cane industry —Th e sugar- cane contains 16-18 
per^ cent of cane-sugar The canes are cut up and passed 
between hot rollers’- whereby the mice is_ expressed The 
extracted canes are known as begasse Thejuice, wEicH jContams 
19-20 per cent of . sugar , and small quantities of i p org an ic salts . 
organ, i_c_ac.id§^, and protein^substances (p 235), is run directly 
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into a . coppe r v csscl or clarifi er, mix ed wj t h milk of^hmc and 
boiled The nioleins a rc coagu lated, and, togcthcr„..vvitli the 
h me g-ilts o f^Jiie-^iads. Jfotm— on_tliejburfa(.e a scum which is 
removed The mice i s ..further conc entra ted until the .point of 
c n stilh sation is reached when it is run into casks the bottoms 
of w hich P" ircjncrced with holes Jhrough w Inch the molasses, "or 
treacle - drains fjor~ tire - cr\ stals arc sep l rated In a centrifugal 
nuchinc Ihc raw, or Muscov ado, sugar is exported, and sub- 
sequenth undergoes a process of refining which is described 
later 

The beet-root sugar industry — The presence of sugar m 
beet-root was observed in 1747 by the German chemist Mnrg- 
graf who suggested the cultnation of beet as a source of sugar , 
but the early attempts to utilise it commercially proved un- 
profitable The success of the mdustrv dales from about the 
vear 1830 when important improvements began to he intro- 
duced Careful" selection of seed and improved cultivation, 
nearlv doubled the quantity of sugar in the beet The use of 
steam-heated vacuum-pans gave a larger yield of crystalhsablc 
sugar and new mechanical appliances for saving labour lowered 
the cost of production Moreover, a method for rcvivifvang 
the charcoal used for decolorising the raw sugar (after being 
used for a time it becomes inactive), and the introduction of a 
process for separating crystallised sugar from the molasses, 
combined to cheapen the product 

Beet-root contains about 13-14 per cent of cane-sugar Ihc 
other solid constituents are a sugar known as raffinosc (p 161), 
which subsequent remains in the molasses, small quantities of 
citric, oxalic, tannic , and tartaric acids, protein, asparagine 
(l 1 2 34), etc The roots are washed and risped mto 
very tlun slices, and then macerated in warm water The 
process of maceration is known as diffusion It is in reality' a 
process of diavsis, the cell-wall acting as a diaphragm through 
which the sugar and the other crystalline substances pass, whilst 
the protein and non-crystalline contents of the cell are retained 
The maceration is conducted m a series, or battery of tanks 
containing the beet-root pulp, and filled up with hot water 

he pulp m each tank is m a different stage of extraction, fresh 
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pulp being at one end of the series and extracted pulp at the 
other The water is pumped through the tanks in succession, 
so that fresh water comes in contact with the exhausted pulp, 
whilst the highly charged juice, which has passed through the 
tanks, is used for extracting the fresh beet The juice, drawn 
from the tanks, is then heated with the addition of lime, which 
precipitates the acids and coagulates the protein Carbon 
dioxide is passed through the liquid to decompose the sacchar- 

osate of lime which is 
formed The two pro- 
cesses, which are usually 
combined in one opera- 
tion, are termed re- 
spectively defecation 
and saturation The 
operation is sometimes 
repeated, using sulphur 
dioxide m place of 
carbon dioxide to de- 
colorise the juice The 
mixture is now pumped 
through a filter-press 
to remove the insoluble 
substances, and the 
clear juice is e\ aporated 
m vacuum-pans, heated 
b> steam from which 
the air is partially 
exhausted A form of 
vacuum-pan is shown in section in Fig 45 It consists of 
an iron pan, which is heated by -vertical steam coils placed 
m the lower part of the vessel Two or three pans are 
connected, so that the steam ansing from the evaporation 
of the liquid m the first pan is utilised for heating the next, 
and its vapour passes on to the third Between the pans a 
small cylindrical vessel is interposed, which serves to collect 
any juice which “ primes,” or is carried over during the boiling 
The evaporation 1S continued until the liquid is so far concentrated 
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tint it shows I * * 4 grain, or commences to crystallise It is then 
run out and cooled, and the uncry stalhs ible portion, or molasses, 
separated in a centrifugal extractor 
Extraction of sugar from molasses — The foreign sub- 
stances m the mohsses prevent its cry st ilhsition \mong the 
numerous processes proposed for separating cry stulhsnblc sugar 
from molasses the stronha method is most commonly used 
B\ this method ncurh the whole of the cme-sugar is sepirated 
m the crystalline form A hot saturated solution of strontium 
lvyd nte i s iddccLto t he m ohsses which when excess of strontia 
is-present^ rauscs t ha_sep.iration -of— Mrclnro s a te of strontium, 
Cj.IL.Qn.SrQ The litter is removed bv filtration dissolved 
m water a nd d ecompo sed Jb>-ca rhon -dioxide, yvhich precipitates 
strontium carbonate The filtered liquid 15 ja aporated, and. the 
sugar crvst ibises The svrup which contains_ uncry stalhsable 
sugir la fermented and y icleTs alt JluTonjiistil l tlio n Bv evapora- 
tion and destructive distillation of the drv residues, poLish salts 
remain, some metlnl alcohol distils whilst methvlammes (p 205) 
nmmonn and hydrocvimc acid ire recovered from the gises 
Sugar refining— Riw sugar from the cane as well as from 
beet-root has a brown or yellow colour, and requires refining, 
which is usually earned on in separate fictoncs The raw 
sugar js dissolv cd in w~itcr._and Ahejmlutmn Jicated - w ith. lime 
and occasion illy jw ith other j-ubstanres It is then filtcrc d_and 
the clarified juice passed through chare ojjffiltcrs These filters 
consist of long evlindneal vessels filled with animal charcoal 
through which the saccharine liquid percolates and is decolorised 
The juice is again conccntritcd in v icuum-pms and crvstalhscd 
The charcod is revivified bv washing, drv ing and finillv heating 
m closed vessels 


I ' 1 XPT 79 Take a long v ule tube open at the top and fitted at 
the lov er end v ith cork and gloss lap I ill the tube with frag- 
ments of animal charcoal and allow a solution of caramel (see 

t IrV n « VatCr *?, tnc} ,C throu P h Thc which runs out 

at the bottom v ill be colourless 


The annual production of beet-root sugar in Europe is about 
one-lulf of the total production of the world, which is estimated 
at about 16 million tons All European countries^ produce 
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.beet-roo t s^gayjexcept.Great.Britain, although it has the largest 
consumption (2* million tons or 83 lb per head per annum) 
A certainamount is also.producedjn the UmtecLStates 

Sugar analysis — Cane-sugar is optically active and turns 
the plane of polansatio n-tojthe right. [a] D ^= +'SK cr 5 The most 
accurate method for estimating the amount of sugar present in 
a ‘commercial’latnple^is to measure the roTation by ineans of a 
polarimeter ^"171), which, when applied for this purpose, is 
usuallv"t~ermed a sa ccharimete r An other metho d_aLanalvsis is 
to determine t he re fractiy.e_jndex of the solution by m eans of 
a refractometer 

Properties of cane-sugar — Cane-sugar crysta llises from 
aqueous solution in monochnic prisms which melt at i6o°-i6i° 
When allowed to deposit slowly on threads suspended in the 
solution, large crystals known as sugar candy are formed 

Cane-sugar, like glycerol, glucose and certain other hydroxy- 
compounBs 7 ~Kas antiseptic" properties, and prevents the .decay 
of putrescible m atter 'The~sugar m’cahaied'fruitT and jam acts 
as a preservative 

When cane-sugar is heated with a little water until it melts 
and begins to turn yellow, it forms, on cooling, a hard, glassy 
mass, which is called barley-sugar If^sugar is he ated a bove 
-its _ melting-point. it turns brown and forms car amel, a ser ni- 
solid, amorphous subst ance which is us ed in confectionery and 
for .tinting spirits 

When "sugar is h eated i n a re tort, water, acetic acid , ace tone 
and other products distilj and a very pure form of charcoal 
known as sugarlcharcdal J eft 

Dilute sulphuric acid hydrolyses cane-sugar and converts it- 
int o equal pro portions of glucose and "fructose (p 149) The 
mixture is known as invert-sugar, and the process as inversion 
The name has originated from the change of sign in the 
rotation Whereas cane-sugar^ is^ dextro-rotatory, when a 
mixture of equal quantities of the two” hexoses is present, 
the Jievo^rotation of fructose, [a] D = — 92 0 , more than neutralises 
the-dextro-rotation of glucose, [a] D = + 52 5 0 , and consequently 
t he eff ect is lajvo-rotatory 

Strong sulphuric, acid_ gr adually dec omposes and char,? cane- 
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sugar The action is much more rapid if a little water is first 
addccf to the sugar The charred mass then froths up and 
e\ olves carbon dioxide and jsulphur dioxide 
Strong l^droclTloric acid decomposes cAnc-sugar like the 
licxoses ~ Strpng_mtnc acid oxidises cane-sugar and forms oxalic 
acid (p 1 78) 

Cane-sugar forms saccharosates or sucrosates of the metals 
It combines with 1, 2, and 3 molecules of strontia The com- 
pound with one molecule of strontia has nlrculj been mentioned 
m connection with the reco\er\ of sugar from molasses 
Cane-sugar_ is_ not jdirectlj fermentable bj veast Before 
fermentation takes place the sugar undergoes maersion b\ 
means of the enrjmc, mvertase (p 148) It has no reducing 
actio n upon, an jilkahne copper solution until jt has been hj dro- 
ljsed 


Expt 80 — Make a solution of cane-sugar and divide it into two 
portions , boil one portion with a drop or two of dilute siilplumc 
acid Add to each two drops of copper sulphate solution, and then 
caustic soda solution, until a clear blue solutiou is obtained On 
boiling, cuprous oxide is precipitated by the liydrolj sed sugai , but 
not by the unchanged cane-sugar 

It .would _appear^from tins indifference to alkaline copper 
solution th at c ane-sugar is not an aldehjdc, and this view is 
confirmed by Us behaviour with phcnylhydra?inc, with which it 
docs no t" com bine 

Constitution of cane-sugar — £iL ne iy}Sir '"Lcl early a com- 
pound of glucose and fructose The absence of the properties 
of aldehydes and kctoncs~rchdcrs it probable that the union of 
the two hexoscs is in the nature of an anhydride or ether, formed 
by the linking of the aldchjdc group of the one molecule to the 
ketone group on the other 


ciL, on cii. on 
cii on Jjii 

xn o^ (in on). 

o^ (CH on). ^>i 

\in 0/ in. 1 


Probable structure of Cane sugar 


OH 
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Milk-sugar, lactose, C 12 H 2 20 n +HsO, is pres e nt , m_the 
mil k o f ^mammals An average sample of cows’ milk has the 
following composition 


Water ' 

86 8 per cent 

Milk-sugar 

48 ,, 

Fat (butter) 

3 6 » 

Casein and soluble protein 

40 »> 

Mineral matter (calcium phosphate, etc ) 

07 


99 9 


The milk-sugar is separated by coagulating the protein of 
the milk with rennet, or by the addition of a little acetic acid The 
liquid is filtered and evaporated The residue is milk-sugar 
‘'The whey which is obtained as a by-product in the manufacture 
of cheese is used as a source of milk-sugar Milk-sugar forms 
large, hard crystals containing one molecule of water of crystal- 
lisation, which it loses at 130° It is strongly dextro-rotatory, 
[a]if = + 52° S It reduces alkaline silver and-coppe r soluti ons, 
and forms an osazonlT'of ‘ melting-point 200° Milk-sugar is 
coloured yellow with alkalis It is not directly fermentable 
with ordinary —east, but certain bacteria jeadily convert~it into 
lactic (p 170) and butyric acfdi~(p 117) A ferment, or fungus, 
consisting of yellow nodules known as kephir grains, and con- 
taining bacilli and yeast, has the property of fermenting cows’ 
milk and converting the milk-sugar into alcohol and carbon 
dioxide Koumiss is a Russian beverage, and is made m a similar 
way by fermenting mares’ milk Milk-sugar yields glucose and 
galactose o n hydr o lysi s (p 153) 

Maltose, malt-sugar, C^H^On + H s O — Maltose i s p_ro _s. 
duced by the action of di astase on sta rch It is the sugar which 
lsTormed 'in the brewing of beer oF'manufacture of whisky, 
when" the malted g ram js steeped in wa ter, which is ultimately 
fermented lind "converted into alcohol (p 23) Maltose is 
readily prepared in the following way an extract of malt is 
made^by stee ping , the crushed gr am . in water f6r~24'hours and 
a ddin g aHittk-oLtlie sdlution^yhich contains diastase, to starch- 
paste, and heating to a tem per ature oL_6o°-65° for an hour. 
Thejaaste, wfiichJba s bv~~thls~ti me bec ome liquid, ~~irl 5 onid and 
filtered, and.eyap orated orTthc water-batli until the liquid becomes 
.syrupy It is th e n extracted" with oo per cent~~ alcohqT which 
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removes the maltose The extract is„concentra ted to a syrup 
by evaporation, and ^crystal ofjnaltose_added, which induces 
the crysta llisa tion j>f th e m ass' Maltose crystallises in fine 
needles It is strongly jdextro-rotatory, [a] e — + 140° 6 It 
reduces alkaline .copper Solution, and forms, w ith p hem lhydrazine. 
maltosazone melting at 206°, which has a characteristiccrystal- 
line appearance under the microscope On boiling with dilute 
sulphuric acid, maltose is hydrolysed, and is converted into 
glucose 

C I oHo 2 0 1J +Hn0=2C c H J <>0 ( j 
Miltose Glucose 

.Maltose^ jandergoes^iermentation _by yeast, the sugar being 
probably" first hydro!) sed into glucose by 'the action of an en- 
zyme, maltase, which is contained within the ) east cell It 
seems, in fact, definitely proved that only the simple hexoses are 
directly fermentable, and that the disaccharoses are all hydrolysed 
before conversion into alcohol and carbon dioxide can take place 
Raffinose, melxtnose, C 18 H M 0 lc +5H:.0, is obtained from beet- 
root molasses, and from other sources It is strongly dextro- 
rotatory, [a]„= + 104° It decomposes, on hydrolysis, into 
glucose, fructose, and galactose 


Polysaccharoses 


Starch, (C c H 10 O b )„, is found in ’various parts of plants, 
especially in the seeds and tubers, where it is stored as" a reserve 
material to serve as nutriment for the young plant The chief 
sources of starch are the potato, nee, maize, and wheat, which' 
* contain the following a\erage percentages of starch 


Potato 

Wheat, and othei cereals 

Maize 

Rice 


15-20 per cent 
60-65 » 

6S 

75-So 


Arrow-root starch is obtained from the tubers of certain 
species of maranta, a plant which grows in the tropics, sago 
is derived frdm the pith of the sago-palm , and tapioca is pre- 
pared from the tubers of mamhot-or cassava In the case of 
sago, the starch is moistened and pressed through a sieve the 
grams being rounded and hardened by being rubbed together 
and heated on hot metal plates Sometimes potato starch is 
given the form of sago or tapioca , 

Cohens Cl Bh Org, Cbem ^ 
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Manufacture of starch, — In England, starch is prepared 
chiefly from rice, whilst potatoes arc employed m Germany, and 
maize, or Indian corn, in the United States The process of 
manufacture is mainly mechanical The material is softened 
and crushed, and then washed by a stream of water through 
revolving cylinders co\ered with fine wire or silk, which act 
as sieves, allowing the starch granules to pass, but retaining 
the gluten, or vegetable proteih and cellulose, or cell-wall 
The starch is further washed on sloping troughs to remove the 
lighter fibrous particles, and is then drained m a centrifugal 
extractor and dried Rice, maize, and wheat, m which the 
starch is firmly cemented to the gluten of the gram, is disin- 
tegrated before washing, either by fermentation or by the action 
of dilute caustic soda, which dissolv es the protein 

Expt 8i — Enclose a handful of flour m a small muslin bag and 
knead it under water The starch grams pass through the meshes 
of the muslm into the water and produce a milky liquid, whilst 
the gluten remains m the bag as a tough, sticky mass Examine 
some of the milky fluid under a good microscope and notice the 
appearance of the grains 

Properties of starch — The appearance of different kinds of 
starch under the microscope is characteristic The grains may 
be round, elliptical, or angular, and of different sizes In 
Fig 46 is shown the microscopic appearance of wheat and potato 
starch of the same magnification 

The grams consist of concentric rings, or layers, arranged round 
a nucleus Between crossed Nicols they present the appearance 
of a doubly refracting crystal Starch is insoluble in cold water, 
but, when heated, the granules swell upland burst, forming a 
slightly opalescent solution, which on cooling sets to a stiff 
paste known as starch-paste The soluble portion is termed 
granulose, and the insoluble part which renders the liquid turbid 
is known as starch cellulose When starch is heated with water 
jinder pressure, _with glycerol, jsrjwith (Mute acids, it dissolves 
m_hpt_water, and separates on cooling m the form of an amor- 
phous white pow der _Jt is known as soluble starch“~The~mole- 
cular weight of soluble starch has been determined by the freezing- 
point method (p 17), and found to correspond with the formula 
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^C 1200 H 20 00O 10 00 3Vhen starch is hcatcdbelowj. point at which 
it becomes discoloured ft is con\crted to dextrin (p 104) 
The mbst^Tlfaractefistic reaction for starch is its' behaviour with 
1 / iodine A solution of starch-paste i n water js^cojoured^blue^b) 7 
I Jree iodine "ThT~ c 7 flour*~~ di sappe ars on warming , but_jeturns 
when_the li quid cools The reaction is \ ery delicate, o 003 
milligram of iodine being detected m this way It has already 
been stated that when extract of malt, m water or diastase 
solution, is added to starch paste, and the mixture maintained at 
a temperature of about 6o 0 , the starch soon liquefies and 
becomes limpid If iodine solution is added at intervals to 



Wheat starch (highly magnified) Potato starch (h'ghll magnified) 

Fig 46 


portions of the solution from the moment liquefaction occurs, 
the following appearances will be observed a blue solution 
is first obtained , this is the ordinary reaction for starch or 
soluble starch , the coloration of succeeding portions is 
purple, then red, until, finally, no coloration is produced 
These changes are caused by the disintegration of the starch 
molecule into simpler compounds known as dextrins, the latter 
being ultimately decomposed and converted into maltose (p 160), 
when the action ceases Saliva and pancreatic-juice, which 
contain hydrolytic-enzymes (ptyalm) re sembling diastase, pro - 
duce a.sifnilar^effectv.o n .starch An analogous series of changes 
is "brought about by boiling starch with dilute sulphuric acid, 
but as the maltose is also hydrolysed, the starch is almost com- 
pletely converted into, glucose (p 149) 
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' Expt S2 — Make <1 thin solution of slaich paste by grinding up 
about 2 giams w ith a little cold water and pouring the mixture into 
50 c c of boiling water Divide the solution into three parts Add 
a few c c of malt extract to one portion, and warm to 6o° , 
add a little saliva to another , and boil a third portion with a few 
drops of dilute sulphuric acid Test a portion of each both with 
iodine solution and alkaline copper solution from time to time 
In each case the blue colour will gradually gt\c place to violet, 
then red, and finally the colour will disappear, whilst the 
presence of maltose or glucose w ill be indicated by the precipi- 
tation of cuprous oxide w ith Fehhng s solution 

Uses of starch — Starches, used for sizing and stiffening 
paper and cloth, forjaundry purposes and for the manufacture 
of dextrin or British gum 

Dextrin, (CeUtoOn), ,, is o btain ed fro m s tarch b y the action of 
a gentleThea t or by partial h ydr olysis with di astase or dilute 
sulphuric acid It is usually manufactured b y mois tening starch 
w ltVaThixture of dilute nitric and"KT 3 rochlonc aci d, and he ating 
to ioo °— 125 ^ It fofms~a “yellowish powder with a peculiar 
smell, which dissolves in water, forming a clear mucilage II is 
employed under the name of Bntish gum 

Cellulose, (CoHjoOg),,, is a fundamental constituent of the 
cell-walls of plants, and forms, tlm framework,. or skeleton, of 
vegetable ti ssues It is p robab ly, ej abora ted from si mpler, carbo- 
liydrates s ecreted by the protoplasm .of the cell Cellulose m a 
pure state is best known to us as cott on-wool, linen, a nd paper 
The difference between cotton and linen is due rather to the 
structure of the fibres, which consist of cylindrical tubes, than 
to the chemical nature of the substance composing them 
Both- kinds of fibre co ntajn_a_ small quantity of mineral matter, 
which is left as ash on burning the organic matter The 
miner al_matte r is almost entirely remo ved by the action of 
hydroflu oric ac uL The bes t filter pa pers are pre paied by 
treat ment with this acid, afte r w hich thev~are we ll washed with 
wat er, alcohof. and ether These papers, which are sometimes 
known as Swedish filter papers, consist of cellulose in its purest 
form A careful study of the cellular tissues has shown that cel- 
lulose does not represent one only, but sev eral substances, which 
may be differentiated by the products whi&i they' yield on 
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h)drolvsis Some, like cotton and linen, give glucose, others 
mannose and others, agun, galactose and the pentoses, \>lose 
and arabinose (p 168) 

Properties of cellulose — We arc most familiar with the 
chcmistn of the cellulose of cotton fibre It is an unusually 
inert subst ance compared with the other ca rhoh) drates It is 
scarceK affected h> chlorine, _or .bromine, _or„by^hoihng .dilute 
acids or alkalis ihese reagents arc consequently emplojcd in 
separating the fibre from encrusting matter, resin, gum, and 
wax, with which it is usually associated - In the manufacture 
of paper and in the cleaning and bleaching of .cotton, both caustic 
soda and In po< hloritcs _are used It is this inertness towards 
the common reagents which renders paper so servn cable ns .1 
filtering medium 


\ strong solution of caustic alkalis piodutcs a « urious tluckcn- 
mg and gelatinising of the walls of the fibre, which causes the 
cellulose to shrink and become translucent The effect of pour- 
ing a strong solution of cau stic so da on to fi lter paper is~ycry 
ni arke d. It rapidl y thickens and contra cts When applied to 
cotton fibre and cloth the process is named mercerising, after 
its discoverer, and is used for producing crinkled” surfaces 
on cotton fabrics Strong sul phuric acid rapidly ittacks and 
dissolves cellulose If the sulphuric and is diluted with water 


m the proportion of 2 volumes of sulphuric acid (0 x volume 
of water, and a piece of filter paper dipped into the liquid, the 
paper becomes immediate!) tough and translucent When 
freed from acid and dried, it is known as parchment paper. 
Prolonged boiling with dilute sulphuric aud gradually 'breaks 
up the cellulose molecule and produces glucose Ihc decom- 
position is hastened bj dissolving cellulose in verj concentrated 
h) drochloric acid, and then diluting w ilh water Zi nc ch loride m 
l^jroc hlori c acid dissolves cellulose , and so also docs a solution 
0 C-^ 3 Pgg._o> 1 de_ln^.ammqnia , k nown as Schwe iycr’ s reagent 
The latter solution is prepared b)“ precipliafi iig^oppcr sul php tc 
with caustic soda m the cold, washing the precipitate, and dis- 
solving it whilst still moist in a little strong ammonia solution 
Cotton-wool rapidly gelatinises m the solution and ultimately 
dissolves The Ctllulose is thrown down from the solution by 
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the addition of acids, alcohol, or even common salt, m the form 
of a gelatinous precipitate resembling alumina This reaction 
is utilise d for producin g artificial__silk (p 167) and also for 
preparing Willesden paper The surface of the paper is moistened 
with the ammoniacal cupric oxide, which gelatinises the sur- 
face fibres, and, after drying, renders the paper impervious to 
water Cellulose is readily acted upon by strong nitric acid, 
or a mixture of nitric and sulphuric acid, and yields a series 
of cellulose nitrates, pyroxylins or nitro-celluloses These sub- 
stances are not nitro-compounds, seeing that they are hydro- 
lysed by alkalis and the nitrogen removed as nitrate of the 
alkali They must be regarded as nitric esters of cellulose 
The most important of these compounds is gun-cotton 
Gun-cotton, cellulose hexamtrate, [C 13 H n 0 4 (0 N0 2 ) 6 ]ji — Gun - 
cotto n is prepared by steep ing pur e cotto n-i\ool in a mixture of 
3 pa rts of fuming nitric acid and 1 part of s trong sulphuric acid 
for twenty-four hours at a temperature not exceed ing io° It 
is then removecTand carefully washed with water until free from 
acid When dry, the cotton, though still p reserving its fibrous 
text ure, is m uch morejnflammable_jmd bjirns_\\ith .remarkable 
rapidity When compressed into cartridges and detonated, 
it forms a powerful explosive Gu n-co tton is insoluble m a 
mixture of alcohol and ether, but dissolves -in-acetone, ..forming a 

jelly Tins solution js mixedjvith_mtroglyceun_jo _the_prepara- 

tion of cordit e (p 145) When gun-cotton is dissolved in nitro- 
glycerin, it forms blasting gelatine (p 145) The lower nitrates 
of Cellulose (tetra- and penta-mtrates) are prepared by a modi- 
fication of the above reaction and are used for various purposes 
Collodion jsthe._soIution J of_theJo^yer.nitrat es in a m ixture of 
alcphoLan d ethe r On evaporation of the solvent a transparent 
film of considerable tenacity remains It is usgd_for-produGing 
artificiaJL_silk (Chardonnet’s process) The solution, to which 
dilute sulphuric acid is added, is forced through a fine orifice 
into, water, where it is at once coagulated and forms a fine, 
transparent thread of considerable toughness The threads, 
when wound on a reel and twisted, produce a silky fibre, which 
is rendered non-explosive by denitration - with ammonium 
sulphide ' 
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Artificial Ml k i<= llso prepared from, the gchtmousjmass. obtained 
In diss olvi ng cotton m Schweitzers reagent (Paulv ) .and also 
from the v i^coiis^rbducl (\lsco^yimadc1)T'tfc'\ting cellulose with 
‘ i mixture of carbon disulphide and caustic alkali (Cross and 
Bevan) Cellulose acetate is used for the same purpose In 
'all eases the viscid, transparent liquid is squeezed through a 
fine aperture and subsequent!} rendered insoluble 


Celluloid, Xylonite, consists of the lower nitrates of cellulose 
The} are dissolved in acetone and camphor and other sub- 
stances added The mixture forms a plastic mass which can be 
workedup for a \anct} of purposes It is naturalh, extrcmcl} 
mfl immable 

Manufacture of Paper —A great \ metv „of_ maten ds is 
eniploved m the manufacture jjf paper such as linen and cotton 
mgs esparto grass, straw and w'oocl Ific material is 'first 
disintegrated ]n mechanic tl means " 1 lie fabncs“~arc torn up 
and the straw and wood cut into small pieces The materials 
arc con\ erted into pulp hr boiling with^caustic sodT m "closed" 
boilers heated b\ steam under pressure \\pod-puip is prepared - 
b>_ usin g _a_ strong solution of calcium bisul p hit e ~'in"p la~cc~'of 
. caustic alkalis i lic“puTp"H" run-out washed 1 n cTldcaL hcdjftith 
bleaching. hquor, and again w ashed ~ It~is thcnTc id} to be made 
into paper 


Inulrn, (C g n io O s )„ a-ll 5 0 is found in inula dahlia tubers and m 
the tubers bulbs and roots of other plants w here it appears to take 
the place of starch It is a white powder wjiich docs not «n \ e .a 
blue colour with iodine On h> drol} sisit^ v icid sTniHo^e ( p 152 ) 
Glycogen, (C e Hj 0 O s ) n , is wideh distributed liTThc dnim il king- 
dom and is sometimes known as animal starch It appears to 
P la ' tl^PJHlPf-tV-resenajnatejial, forjt qmckK disippears when 
food is not -taken Gl\ cqgcnjsJound an the fner ancTm small 
c l ua Gl*tic§-jn. .muscle It is alsofound^in. certain -fumy and is 
\ er\ plentiful m molluscs 0} sters contain as much as 9 per cent 
of gh cogcn It is a white amorphous powder, which dissolves 
m hot water and is precipitated bf alcohol Iodine colours it 
brown It is strangle dextro-rotatpr} Submitted to the 
action of diastase it vields dextrin maltose and glucose 
Gums are transparent, glass} amorphous substances which are 
exudedjram jjhnts The\ form-a mucilage with water from 
which the gum is_ precipitated In alcohol Tim} do_not reduce 
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Fehlinp’s s olution-: but jtra, hydrolysed by acids mto monosac- 
charoses Tlic monosaccharoses are'nornec'e'Ssarily hexoses The 
two pentoses, arabinose and xylose, are obtained from certain 
gums Gum arable is an exudation from the bark of several 
species of acacia It consists of the calcium and potassium 
salts of arable acid When hjdrolysed with dilute sulphunc 
acid, it yields arabinose, C 5 HjoOs Wood gum is widely distributed 
throughout the vegetable kingdom It is extracted from the 
wood of various trees by digestion with caustic alkalis and 
precipitation by alcohol It is a white powder, which, on hydro- 
lysis, yields xylose, C s H 10 O B d-Ribose has been shown to be a 
constituent of the rfucleic acid of cell nuclei 

Expt 83 — The presence of pentoses may be show n by their 
behaviour with a solution of phloroglucmol (p 289) or orcinol m 
strong hydrochloric acid A pine shaving, or gum arabic, on 
gently warming with the solution, turns a bright cherry-red with 
the former and violet with the latter reagent, show mg the presence 
of a pentose m both cases 


QUESTIONS ON CHAPTER XIV 

1 Describe the system of classification adopted in the case of 
the carbohydrates 

2 What are the chief reactions of the monosaccharoses 5 
Wluch of the disaccharoses give similar reactions 7 

3 Describe the preparation of glucose and fructose from cane- 
sugar How can the two sugars be distinguished ? How is 
fructose obtained from glucose ? Why are the names glucose and 
fructose used in preference to the older naihes of dextiose and 
lsevulose 5 

4 Give the products of hydrolysis of the three principal disac- 
charoses How is maltose prepared ? How is it distinguished 
from glucose > 

5 How are the following compounds inter-related starch, 
dextrin, dextrose, mannitol, gluconic acid, and saccharic acid ? 

6 What is the experimental evidence for the conclusion that 
dextrose contains an aldehyde group and lcevulose a ketone group ? 
How does phenylhydrazme react with each of these sugars ? 

7 How can the hydrolysis of starch, cellulose, cane-sugar, 
inulin, and glycogen be effected "> State the properties of their 
hydrolytic products 

8 To what class of bodies does glucose belong p Where does 
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it occur 7 1 rom what sources is it made, and how can it be 

recognised 7 

9 Bj what properties and reactions would vou distinguish a 
solution of cane-sugar from a solution of glucose 5 

10 How would > ou demonstrate the production of glucose from 
cane-sugar and starch rcspcctiv el\ 7 

11 \\ hat effect is produced on starch b\ the action of (1) heat, 
{2) dilute sulphuric acid, (3) mtnc acid 7 

12 What arc the principal differences between starch and 
cellulose 7 What ev idence exists as to the molecular weights of 
these substances 7 

13 What is the action of (i) nitric acid, (2) sulphuric acul, and 
(3) caustic soda, on cellulose 7 

14 How arc the following prepared staich, But rsh gum, gun- 
cotton H tllc^dcn popir, celluloid, collodion, and cotditi 7 

15 Describe and explain the changes which starch undergoes 
when acted on bj malt extract How could these changes be 
demonstrated * 

16 Classify the natural carbohj drales t.i\c anj general 
methods for distinguishing these substances as a group 

17 How would "sou distinguish the following dissolved in 
water (1) glucose, (2) mvert-sugar, (3) cane-sugar, (4) maltose 7 

18 Discuss the changes which hjdrofysis (bj acids or enrymes) 
effects m starch How would you identify the products 7 



CHAPTER XV 


THE HYDROXY-, DIBASIC, AND UNSATURATED ACIDS 

Glycollic acid, Hydroxyacetic acid, CH 2 (OH) CO.H, is the 
first member of the series It is found m unripe grapes, and in 
the leaves of the Virginian creeper It is most readily obtained 
by boiling potassium chloracetate with water The liquid is 
evaporated and the glycollic acid extracted with a ceton e, in which 
it readily dissolves, leaving the potassium chloride undissolvcd 

CHoCl CO 0 K+H = 0 — CH s (OH) CO z H+KCI 

G!> collie acid 

It is a colourless, crystalline substance, which melts at 8o° 

Lactic acid, Ethylidene lactic acid, a-Hydi o xypropiomc acid , 
CII 3 CH(OH) CO Oil — The a-hydroxy-acid, or ordinary lactic 
acid, is present in sour milk, from which it was first isolated by 
Scheele m 1780 It is produced m milk by the lactic fermenta- 
tion 0 £ milk-sugar (p 160) The ferment consists of chains of 
cells resembling the acetic ferment (p 56) Lactic acid is more 
readily prepared from cane-sugar or starch, the "operation being 
practically llie'same’as that used in the preparation of butyric 
acid (p 1 1 7), but the decomposition is arrested before the 
butyric fermentation sets in Cahc-sugar is dissolved in water, 
and a little tartanc acid _js_ addecPtog ether with zinc or calcium 
cafboh'vfTc t<T~neutr alise the free lactic acid The. ferment is 1 
added m the form of decayed cheese and sour milk, and the 
mixture is kept at a_tcmpcrat ure of 40°-;o° for several days 
Crystalline crusts of /me or calcium lactate separate, and arc 
removed and rtcry stalhscd The acid is obtained bj decom- 
posing the salts wjth sulphuric acid and extracting with ether 
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On_c\ ap or atmg the ether the hi tit aud remains as a colour- 
less, Mstid liquid which possisM^a sour smell and taste It is 
also obtained from - a-cliToro- or hromo=prppionu. acitldjy bo iling 
with water (p n SI " ajn.d-hy olicjiydroh sis of acetaldchj dc-t j an--* 
fij dnn (p~ 52) ~~ 

CH 3 CII 3 

1 I 

CH OH -}- 2H.O = CH OH +NH a 

CN io.H 

Ncetnldcli) (le Lactii. icitl 

O inhulrm 

When pure lactic acid melts at 1S 0 and distils at 1 mm pressure, 
unchanged Boiled with dilute sulphuric acid, it decomposes mto 
acctaldehj dc and formi c aci d 

C 1 I 3 CH(OH) CO oh=cii 3 CHO-i -11 CO.H 

The calcium and zinc salts of lactic acid rcadih crjstalhsc 
from hot water and are characteristic of the acid 

Para-, or sarco-lactic acid, CII 3 CII(OII) CO OH — l hc 
acid is found in muscle, to which it imparts an arid-reaction^* 
and is consequently present in the juice of flesh A convenient 
sourtc of the acid is Liebig s extract of meat The extract is. 
dissohed. in^water, and _the protein prccipitatccT'ln alcohol { 
Ihq alcohol is then druen off the liquid acidified and the* 
sarcolactic acid extracted with ether It is optically active, 
tur ning the planc~of polarisation tolfie right, and in this respect 
it differs from the sour'mlllC^fcfd^wTuch is mactn c Morco\ cr, 
the 7inc salt of sarcolactic acid contains only two molecules of 
water of crystallisation, ^whilst tlic other contains three In all 
other chemical properties .the tw oaeiids appear To be identical 
* ~ Optical activity. — Wlien light is passed through a Nicol 
prism, onlv rajs vibrating m one plane are transmitted, and the 
light is said to be polarised \ polarimctcr is an instrument 
containing two Nic ol pr is ms, fi xed at short distances apart If 
we imagine rajs passing'through the first prism to \ibratc in a 
vertical plane, then, hv turning the second prism, so that rajs 
can only tr.vccrse it in a horizontal plane, the light from the first 
is totally extinguished bj the second prism If the second prism 
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is rotated, more and more light is transmitted, until the planes of 
transmission coincide, when the field is fully illuminated 
Supposing the Nicol prisms to be crossed, as m the first case, 
so that the light after traversing the first prism is extinguished 
by the second prism, the introduction o f a la yer jpf jthe active 
acid wi ll all ow some light to pass “""Sarcolactic acid has the property 
of turning the plane m which' "the polarised rays vibrate from the 
normal direction to Jthe right hand (dextro-rotatory), so that 
some light now finds its way" through the second Nicol prism 
In the case of other substances a left-handed (Ijevo-jotatory) 
rotation is imparted This will be more easily understood by 
reference to Fig 47 



a b c 

Tie *7 


a represents the first Nicol prism and c the second, the plane 
of vibration being indicated by the cross lines On introducing 
the acid, the plane of vibration of the polarised rays is twisted 
through a certain angle indicated at b This new position may 
be regarded as the resultant of two forces, represente“d"by vertical 
and” horizontal components, indicated by do tted lines The 
vertical component is' extinguished ivhen it reaches c, but the 
horizontal component passes through and produces a certain 
degree of illumination of the field of view A greater twist will 
allow more light to pass, until the twist takes a horizontal posi- 
tion, when the maximum amount of light will be transmitted 
' The property of turning the plane of polarisation is also called 
rotatory polarisation, and is synonymous with optical -activity 
T his pro perty,, possessed by certain liquids and solutions of 
solids, is found„to _bcar„a ..close connection with their structure 
O ptically active carbp n_compounds, without exception^contam 
\j withm _thmnolecule^at-leasL pne~carbon~at 5 m, united b y jts -4 
'Sbondsjto 4-diiierent elements jorjjroupsjif atoms , 
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If we denote the carbon atom as a point from which 4 bonds 
diverge at equal angles (Fig 4S) and VBCD as j. different 

A 



groups attached to the se bond s such a grouping is pjgsent m 
~~s ubst ances'wlncli71i^c sarcohctic acid exhibit optical activity 

CH a 

1 

II — C— OH 

I 

CO OH 

SarcoUctK' 'ad 

In sarcohctic acid the central carbon atom is linked to the 
groups II CH a OH C 0 2 II The central carbon_atom. is, termed 
an asym metric carbon atom Represented b\ the space formula 
(Fig 49) the arrangeme nt is unsv mmetrical jn. thc-scnse_that.it 
cannot be BivicleaTn any direction into ex ictiv .Mmilar. Ji alv es 
But this formula is Uso tint of the sour milk acid IIow 



are we to bring these facts into lnrmonv > The explanation 
is based on the speculations of Pasteur (1S60), further developed 
b\ van't Hoff and Le Bel (1874) into the present theorv of space- 
or stereo-isomensm 

Theory of Space- or Stereo-isomensm —Now every 
asymmetric or unsv mmetrical object like a hand or "foot has its 
fckow, but the two do not preciselv , overlap m the same way 
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every substance containing an asymmetric carbon atom, round 
which* tlurfoflr d f ffCTffntgrotfnsa re dfslrfBu ted ln'tlfre'e-BlmelTsional 
spacejis capable of existing in two forms, winch correspon d t o, a 
J left ancTrighl liarid or'iojin "object a nd its rc flccte'd image The 
E two formsTvill tlien appear as in Fig 50 The o n e is th e mirror- 
lmage.ofjtjj c othe r 

When using actual models in which the different groups are 
represented by coloured sticks or balls, it will be found that 
the two models cannot be turned so as to coincide until two of 
the groups in one model have been interchanged It has been 
shown that the only difference between two substances having 
a space arrangement of their atoms corresponding to object 
and image lies m their action on polarised light, the one tum- 



H OH OH H 

J ig 50 — Stereo isomeric forms of Lnctic acid 

mg it to the right (dextro-rotatory) and the oth er the same 
amount to "the left (laevo-rotatory) when m the dissolved or 
liquid state - 

Although every optically active substance, like sarcolactic acid, 
contains “at least one asymmetric carbon atom, the converse 
does not hold , for there are'eompounds like sour milk lactic acid 
which possess an asymmetric carbon atom and show no rotation 
How is this explained ? The substance may be a mixture 
of equal quantities of the two forms,' the dextro-rotation of the 
one form neutralising the Isevo-rotation of the other 
This is the case with the sour milk acid It has, m fact, been 
. resolved into its t wo ac tive components, a laevo- and a dextro- 
rotatory acid,_ the lat ter being identical_ with_ sarcolactic acid 
The - methods used for resolving inactive compounds into their 
active— components _will__be__ referred to under tartaric acid 
(P x 9°) 
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> Another method of preparing glj oxalic acid is to boi]_dichIor- 
or dibrom-acetic aci d wi th /water It will be observed that 
when~two “Hydroxyl groups are attached to the same carbon 
atom, the elements of water arc removed 

CHCL CH(OH), CHO 

| "+2H„0= | '+2HC1= I +H.0 

co 2 h “ C0 2 H co 2 h 

DicMoncetic Intermednte Gljoralic 

acid product acid 

The acid is found in unripe fruits but disappears as the fruit 
ripens It appears tcTbe formedln small quantities when acetic 
acid is exposed to the air" Glyoxahc _ axid“iS _ usually^obtained 
'arT^yrffgv^igmd -1 (Vliicirslow'ly crystallises on standing It is 
very soluble in water and v olatilises in ste am Whilst it form s 
s alts with ba ses, it also re’3uces_ammom'acal siher solution, 
producing a mirror, and co mbines with h y droxy lam mTTTnid 
phenyl h vdrazm e,Jih&-an-aldchvde 

- Pyruvic acid, CII 3 CO CO OH, is the simplest of the ketonic 
) acids It is most readily prepared by distilling -tartaric, acid 
with acid potassium sulplmteTjwliich 'acts as a dehyd rating 
agent 

“ ' C 4 H b O, = C 3 H 4 0 3 + CO, + H„0 

larlinc PjruMC 

acid acid 

Pyruvic acid is a colourless liquid which boils at 165° It 
y ieIds_Jactic~acid_ on reduction , and acetic acid and carbon 
dioxide on oxidation 


ch 3 

ch 3 

ch 3 

CH(OH) 

1 

1 

CO 

COOH 

1 

+ 

CO.H 

COoH 

co 3 

I aette 
acid 

Pyrm ic 
acid 



The latter reaction occurs readily on warming with ammonia 
silver solution, the metal being deposited as a mirror The 
reduction of silver nitrate solution is therefore not limited to 
aldehydes alone, but is brought about both by ketonic alcohols, 
like fructose (p 152), and ketonic acids The ketonic properties 
of the acid are exhibited m th§ compound which it forms with 
sodium bisulphite and the ) ellow, crystalline phenylhydrazone, 
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winch is precipitated on adding a solution of phcn\lh\dra?inc 
acetate to the acid 

Acetoacetic acid, CII 3 CO CH 2 C0.1T, onh exists m the 
form of its esters Etlnl iceto acetate is formed h\ the action 
of «odium upon eth\l acetate 

The process is conducted as follows — Metallic sodium m thin 
slices or as wire is introduced into ten times its weight of pure 
eth\l acetate The action which begins slow 1\ , becomes more 
\ igorous after a time, and the liquid boils The flask containing 
the mixture is then attached to an m\crted condenser To 
decompose the undissohed sodium the liquid is final!} heated 
on the water-bath The sodium compound of ctlnl acetoacetate 
is thus formed, from which dilute acetic acid liberates the ester 
as an oil which floats on the surface of the liquid The oil is 
remoaed and fractionated the portion boiling at i 75 °-iS>° 
beimr separatch collected \n ihoholic solution of form 
chloride sues a \iolet coloration 


THE DIBASIC ACIDS 


The Dibasic acids contain two carhox\l groups a nd conse- 
^quentlWwo re placeable lia drogen atorns ^ According to whether 
one or botliTfi} drogen atoms are replaced thca _Jorm_acid _and 
ji gutral salts and e sters — m so mc^co ses, salts with two different 
metals and salts cont aining a metal and an alk}T~group~'“l he 
dibasic acids maa be rcgardld'as^arafhnslrTwhich two In drogen 
atoms are substituted ba carbox\l groups, or fatt} acids in which 
one alh\l h\ drogen is so rcplarcd Oxalic acid maa be taken as 
representatn e of the group of dibasic acids It forms the 
following senes of compounds 


CO OH CO OH CO OK 

I I ! 

CO OH COOK COOK 

Oxalic and o* I*ota<stum PoJUMum 

D carbon 1 h> drogen oxalate. ox date 


r co o’ 
1 i 

! coo 


(K.) 

Fe" 


Potassium ferrous 
oaala e 


CO OH CO OC.H s CO OK 


COOC.H5 , COOC.II5 COOC-Hj 

Fdijl oahc Diethal P tin I fxjtassium 

oxalate. oxalate. 

The dibasic acids are colourless. crastallme substances (with_ 
the exceptign of carbonic acid, which is known on!} m the form" 
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of its salts an d esters)_ They dissolve m water, to which thev 
impart a strongly acid reaction The lower members cann 5 t~be 
distilled without decomposition 

Oxalic acid, CO OH CO 0H+2H 2 0 — Oxalic acid is found 
in wood sorrel (Q\alis acetosella) and other plants, as the acid 
potassium salt The salt is sometimes called salts of sorrel 
Ihe calci um salt is freq ue ntly found crystalli sed iii_ plant cells 
Certain lichens growing on limestone consist largely of this 
salt It is also present jn jirine and m urinary calculi It is 
pro duced by a pecu lia r fermentation of sugar caused by ce rtain 
J species o f yeast and fu ngi Scheele, m 1776, first obtai ned o xalic 
acid artificially by heating sugar wi th nitric acid 

Expt 85 — Preparation of Oxalic acid — Pour 180 c c of strong 
nitric acid into a large flask (2 litres) and w arm the acid on the 
water-bath Remove the flask to the fume cupboard and add 

50 grams of cane -sugar Torrents of brown fumes are evolved 

When the reaction lias ceased, evaporate the liquid on the 
water-bath to one-quarter its bulk On cooling, large colour- 
less, prismatic crystals of oxalic acid sepaiatc 

Oxalic acid is at present manufactured by heatin g sodium 
~v f ormate It gives sodium oxalate, and hydrogen is evolved 
(P 75 ) 

H COoNa CO.Na 

I * +H 2 

H CO a Na COjjNa 

Sodium Sodium 

formate ovulate 

Expt 86 — Heat a few grams of sodium formate in a test-tube 
The gas winch is evolved can be ignited at the mouth of the tube 
If the residue is dissolved in vv ater and filtered the solution gives 
the reactions for oxalic acid (p 179) 

Oxalic-acidj? also obta ined ^from pinesaw'dust, w Inch is .oxidised 
bv fusion with caustic alkalis^ The sawdust is stirred into a stiff 
paste with a mixture of strong caustic potash and so da so lution, 
and the paste is heated, on iron plates The” tem perature is 
gradually raised , care being taken to avoid charring The dn 1 
browjuma ss is_hxiyiated with a sm alLquantity of warm water 
which removes- the_excess_of.alkaluand..l eaves t hellesslsoiuble 
sodium .oxalate Tie waste alkali is recovered and used again 
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Ihe sodium oxalate is dissolved in water a nd converted in to 
the insoiuBle~lnnc salL bv~i55lling with milk of lime, and the 
lim e salt is separated and decomposed with sulphuric acid The 
‘liquid, separated from the calcium sulpliateT" iS~evap‘ofafed, when 
the oxalic acid crystallises m long prisms containing t\\ o molecules 
of water of cr) stalhsation There are \ arious methods by which 
oxalic acid has been synthesised, some of which have already 
been mentioned A solution of cyanogen in water changes into 
ammonium oxalate (p 208) 

Properties of Oxalic acid — Oxalic acid crystall ises in long, 
colourl ess prisms containing two molecules o'f water of crystal- 
lisation When heated to ioo°, the water of crystallisation is 
driven off Above this temperature part of the acid melts, a 
part sublimes, and a certain amount decomposes into carbon 
dioxide a nd formic acid When warmedlwitlils fron'g 'sulphuric 
acid,” "oxalic acid breahs^up^into carbon dioxide and carbon 
monoxide”"'"'”” - 

C 2 0 4 H 2 - H.O = CO„ +CO 


Expt 87 — Heat a few' grams of oxalic acid, or an oxalate, with 
an equal bulk of strong sulphuric acid Effervescence ensues 
without charring, and the gas which is evolved may be ignited 

Oxalic acid, in_ presence of dilute sulphuric acid, _is_ rapidly 
oxidis ed J ^L_pQtass^um__pe rmanganSte 7~on~\varming. to carbon 
^h oxide and wate r The process is utilised^ in volumetric 
analysis 

5 C 2 0 1 H 2 +2KMn0 4 +3H ;! S0 4 =5C0„+5H 2 0+K 2 S0 4 +2MnS0 4 

Expt 88 -^Dissolve a few crystals of oxalic acid, or an oxalate, 
in water , add dilute sulphuric acid and warm gently Add 
potassium permanganate, drop by drop It is at first decolorised , 
but when the oxalic acid is all oxidised the pink colour remains 

PJiosphorus pentachloride converts oxalic acid into oxalyl 
chlori de It is a- colourless liquid winch boils„at,64° ' ~ 

C 2 H 2 0 4 + 2 PC1 5 = C 2 0 2 C1 2 + 2P0C1, 4- 2HCI 

Salts of Oxalic acid —There are many important salts 
of oxalic acid Potassium oxalate, C»0 4 K 2 4--H Jt O r -is_soluble_in 

^ N 2 
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.water , the aud salt, Co O^HK, is les s soluble and has been re- 
ferred to as a constituent of many plants Acid potassium oxalate 
combines with oxalic acid and forms what is known as potassium 
quadroxalate, C» 0 4 HK C 2 H 2 0t+2H 2 0, which is sometimes used 
for remoung ink-stains and iron-moulds, under the name of 
salts of sorrel, or salts of lemon The calcium salt C 2 0 4 Ca, 
is found in plants, the precipitated salt, which is thrown down 
when calcium chloride is added to a solution of an oxalate, 
contains one molecule of water of crystallisation Ferrous 
oxalate, C 2 0 4 Fe+2H 2 0, is precipitated as an insoluble, yellow 
powder when a ferrous salt is added to an oxalate m solution 
/ Pota ssium ferrous ^ oxalate— fG>OA.K«Ee-UI»Or- has .strong .re- 
ducing properties, and is u s ed as a d evelope r, in p hotography 
It is obtained by mixing solutions of ferrous sulphate and potass- 
ium oxalate in certain proportions The ferric alkali salts have 
A a green colour The alkyl salts, or esters, of oxalic acid are 
I obtained by boiling the alcohol w r ith anhydrous oxalic acid and 
' distilling the product Methyl oxalate is a solid, which melts at 
54 0 and boils at 162° , ethyl oxalate is a liquid boiling at 186 0 
Both esters are rapidly hydrolysed by alkalis, m the cold ( 

Expt 89 — Preparation of Methyl oxalate — Heat 70 grams of 

crystallised and powdered oxalic acid m the air-bath at no 0 -i20° 

until it loses the weight corresponding to 2 molecules of water 

The dehydrated and powdered acid is mixed wuth 63 c c of methyl 

alcohol and heated for two hours on the water-bath with a reflux 

condenser The product is then distilled with a thermometer and 

when the temperature rises to 160° the receiver is changed and the 

water run out of the condenser’ "‘The distillate is methyl oxalate, 

which solidifies on cooling, m -p 54° Add a little caustic potash 

to a httle-of the oxalate, dissolved! in alcohol Potassium oxalate 

is deposited To another portion of the solution add concentrated 

ammonia A white, crystalline precipitate of oxamide is formed 

(P 124) . , 0 

- ' 

Malonic acid, CH 2 (CO 0 H) 2 , is found as the calcium salt 
m beetroot It was originally pre pared by the ox idation, of 
’ maho -jici d (p 182) wuth potasssium dichromate jmd sulphunc 
acid, a process which gave nse to the name , but it is now usual 
to obtain it frftip_n mnochlo r acetic _acid Potassium chloracetate 
is boiled with potassium cyanide The cyanacetate of potassium 
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is then h\ droh sed with strong hvdrochlonc acid , the product 
is evaporated to dryness and extracted with ether When 
the ether has evaporated malonic acid remains 


CH-Cf+IvCX CILCN 
| =| -fKCl 

CO.K CO.K 

To w jn 
cj-tnvtuie 


CH.CX 

I 

CO.Iv 


cir. co.h 

+2H.O-i-2HCl= | ' -J-NH<CH-KC1 

CO.H 


Malone * 

ncvl 


Malonic icid is a colourless erv stnlline sub stance vvhu.li melts 
at 13c 0 and dissolves rtadil) in water alcohol, and in ether On 
* heimi heated to i4o°-i56°, it loses carb on dioxide and i s 
< conv erted into_acetic-acId ThisTs" a~cliaractcnstic propertv of 
all polvbisic acids having two^ c arboxyl groups~T ttachcd-,to 
the s vine carbon atom ~ 


CH. CO.H CH, 

1 " " = ! -f 

CO.H CO.H 

Vf «Io- c acid \ce ic sad 


CO. 


Expt 90 — Heat a little malonic acid m a test-tube until it melts 
and efferv esces and decant the gas giv en off into hmc-vv atcr The 
presence of carbon dioxide is show n bv the turbulitv of the lime- 
water, whilst the liquid which remains m the test-tube has the 
smell of acetic acid 

C * - / 

Succinic acid, CO.II CII. CH. CO.II, is mentioned bv 
Agncola (1550) as being obtaine d from amber ( Lat succmum ) 
bv ^dis tillation ^ and the method is still used in its preparation 
AMien amber is distilled m iron retorts the acid collects m the 
receiv er partly in the solid form and partlv in solution together 
wath an oil, known as amber oil The distillate is then filtered 
from the oil and evaporated Succinic acid occurs m certain 
lignites and fossil wood, and m lettuces unnpe grapes, and 
wormwood It is also obtained bv the fermentation of calcium 
malatc, or ammonium tartrate, bv v east or putrid cheese The 
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process is one of reduction, and may be imitated by the action 
of strong hydriodic acid 

CH(OH) CO OH CH(OH) CO OH CH 2 CO OH 

I I I 

CH(OH) CO OH CH 2 CO OH CH 2 CO OH 

Tnrtanc acid Malic acid Succinic acid 

When either tartaric or malic acid is heated with strong 
hydriodic acid, it is converted into succinic acid, just as glycolhc 
acid under the same conditions forms acetic acid (p 170) Suc- 
cinic acid has also been synthesised by a method which leaves 
no doubt as to»its constitution When ethylene dibromide is 
boiled with potassium cyanide, ethylene cyanide is formed The 
latter, on hydrolysis, gives succinic acid _As ethylene dibromide 
is prepared from ethylene, and ethylene may be obtained from 
acetylene, which is formed by the direct union of carbon and 
hydrogen, succinic acid can be synthesised from its elements 

CH „ CH 2 „ CH.Br ^ CH 2 CN CH 2 CO OH 

III 5 * 1 !£ | K i? | 1 

CH CH 2 CH.Br ^ CH 2 CN CH 2 CO OH 

Acetylene Ethylene Fthjlene Ethjlene Succinic field 

bromide cyanide 

Succinic acid crjstalhses in pnsms, or plates, which melt at 
182° When distilled it is converted into the anhydride, a white, 
crystalline substance, which melts at 120° 

CH 2 CO 
I >0 
CH 2 CO 

Succinic -uih) dridc 


, IIVD ROW-DIBASIC ACIDS 

Malic acid, Hydroxysuccmic acid, CO a H CH(OH) CII. CO.H 
—The acid was isolated by Scheele, in 1785, from the juice 
of unripe apples (Lat malum), and it frequently accom- 
panies tartaric and citric acid (pp 184, 191) in fruits, partly 
in the free state and partly as the potassium or calcium salt 
In currants, cherries, and m the leaves and stems of rhubarb, 



" XV IIYDROXA-, DIBASIC, AND UNSATURATED ACIDS 183 


it is present as the acid potassium salt , in the tobacco plant, as 
the acid calcium salt " 

Malic acid is usually prepared from the unripe berries of the 
mountain ash The juice is boiled with milk of lime which precipi- 
tates the neutral calcium salt, C 1 H 4 0 B Ca The precipitate is 
collected and washed, and recrystallised from hot, dilute nitric 
acid, from which the acid salt separates, (C 1 H s 0 6 ) 2 Ca-f-6H 2 0 
This is decomposed with the theoretical quantity of oxalic or 
sulphuric acid, and the liquid, filtered from the calcium oxalate 
or sulphate, is concentrated by evaporation Malic acid is a 
crystalline substance which melts at about ioo° It is very 
hygroscopic, and deliquesces on exposure to moist air 

The structure of malic acid has been determined m various 
w r ays The acid is readily reduced by hydriodic acid to succinic 
acid, and is therefore a derivative of succinic acid When mono- 
bromosuccmic acid is acted upon with moist silver oxide, it 
is converted into malic acid It is therefore hydroxy succinic 
acid 


OH Ag+Br CH C0 2 H=(0H)CH CO OH 


CHo CO,H 

Monobromosuccinic acid 


CH. CO.H 

Malic jcid 


+AgBr 


Moreover, hydrobromic acid yields monobromosuccimc acid , 
phosphorus chloride, monochlorosuccimc acid , and acetyl 
chloride, acetyl malic acid 


C.H3O OCH CO OH 

1 

CH„ CO OH 

Aceljl mahe acid 

AH these reactions give evidence of the presence of a hydroxyl 
group m the acid The natural acid from berries is kevo- 
rotatory m dilute solution, which points to the existence of an 
asymmetric carbon atom The corresponding dextro-rotatory 
acid is obtained by the partial reduction of ordinary tartanc 
acid (see p 186) with hydriodic acid The existence of these 
two acic * s receives the same explanation as that of the two lactic 
acids The space configuration of the two isomers is represented 
m Fig 5i 
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The synthetic malic acids obtained from bromosuccimc acid 
and by the reduction of inactive racemic acid (p 186) are inactive, 
and consist of a mixture of equal quantities of the two active 
components It is usual to find the artificial products of the 
laboratory, prepared from inacti\e materials, to be themselves 
inactive , and this is readily understood when we consider that 
there is only a single property, the action on polarised light, 
which distinguishes the two components Chemically they are 
identical, and therefore, in any chemical change, the formation 
of one isomer necessitates, under ordinary conditions, the pro- 
duction of an equal quantity of the second 




Fic si — Space configuration of isomeric Malic acids 


Tartaric acid, Dihydroxysuccmic acid, CO s H CH(OH) CH 
(OH) C 0 2 H — Tartaric acid m the form of the acid potassium 
salt has been known since wine was made from grapes It is 
deposited during fermentation as a brown, crystalline crust, 
known as argol, or wme-lees The term tartar was given by the 
alchemists to both animal and vegetable concretions, and wme- 
lees, stone, gravel, and the deposit on teeth, being attributed to 
the same cause, received the same name Tartaric acid was 
isolated and recognised as a distinct acid in 1769 by Scheele, 
who described it m his first scientific paper As the free acid 
and as the acid potassium salt it is widely distributed throughout 
the vegetable kingdom It is found with malic acid m the 
berries of the mountain ash, and in other hemes and fruits Tbut 
the chief source is grape mic e During fermentation, the , arid 
potassium salt in the iuice is rendered insoluble by th e_aIcohol. 
and_graduaIU'- ^separates m minute .crystals. wluch_carry down 
sq me of the co louring m atter of the wine The brown powder, 
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or jirgol, is recrystallised for the production of the pure salt, 
w hich is known as cream of tartar 

In order to prepare tartaric acid, the argo l is dissolved m water, 
and chalk is added until the solution ^ linearly Neutralised' ' The 
insoluble calcium tartrate hich_jsLd ep osited- is_se p ar a t ed _ b y 
filtration fro m the neutra l potassium tartrate which is involution 
X iurther quantity of calcium tarttate _is . obtained ..from .the 
filtrate by adding "caIcTum_chlon dc Th e process is represented 
by the follow mg equations : 

aCiHjOJv + CaC0 3 = C 4 H 4 O 0 Ca + C 4 H 4 0 6 K, + CO, + H,0 

Vcitl potassium Calcium Potissium 

tartrate Inrinte lartritc 

C 4 H 4 0 6 K, + CaCU = C 4 H,0 B Ca + 2 lvCl 

The calcium tartrate is then decomposed by the ad dition al 
sulphuric acid, and the solution,' filtered from calcium sulphate, 
is "concentrated and allowed to cool, when crystals of tartaric 
acid separate The potassium chloride is recovered and used 
m the manufacture of potash salts 

Tartaric acid crystallises m large, transparent prisms, which 
dissolve in w r ater and alcohol and melt at 205° It is de xtro- 
rotatory in aqueous solution When heated wuth potassium 
hy 3 fogen''sulpfiate”it yields pyruvic acid (p 176) 

1 Salt? of Tartaric acid — Tar taric acid forms acid and neu tral 
salts and sa lts with two differentJbases T he acid salts .oLpotass- 
lum and ammonium are sparing ly soluble in cold water 

Expt 91 — Add a little potassium nitrate, or acetate, solution 
and a few' drops of dilute acetic acid to a strong solution of tartanc 
acid, and stir with a glass rod The acid potassium salt of tartanc 
acid is precipitated A similar precipitate is formed w r hcn ammo- 
nium salt is used in place of the potassium salt 

The neu tral salts ofjthe_alkalis .arc all readily soluble m water 
Rochelle salfr -or potassium, sod ium ta rtrate, C 4 II 4 0 8 KNa +4H 2 0, 
so called after its discoverer, Seignettede iaKochelle' lrpreparcd' 
by. neutralising a solution of cream of tartar w'lth sodium carbonate 
solution The solution is then evaporated, and deposits, on cooling, 
large transparent crystals Tartar emetic, C 4 H 4 O c K(SbO ) -HH.O, 
jhs prepared by dissolving antimbnioas , oxide "in~a solution of cream 
f°f tartar It crystallises m rnombic octaliedra IT“cRsiolves 
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in water, and is used m medicine as an em e,tic.andjn_cotto n dyein g 
as a mordant ( p 58) 

Detection of Tartaric acid — Tar taric a cid is detected by the 
forma tion o f the insoluble calciu m sa lt, C4 H 4 ~^Ca.~-F4H^Oroirthe 
addition of calciunfcKlcSndeToThe neutral solution The c alc ium 
salt is di stiifguistig d^f5nr^Slgiu m._o\a late“'b'v ~ its solubility in 
caustic_allcalis^ dric(_ acetic, acid” It may also be detected By 
Fenton’s reaction 

Expt 92 — Fenton’s reaction — Dissolve a neutral salt of 
tartaric acid in water Add a drop of ferrous sulphate solution, 
a few drops of hydrogen peroxide solution, and make alkaline with 
caustic soda A violet solution is obtained 


When tartanc-acid -or its-salts are strongl y heated they ch ar 
and ~emit an odour of burnt su gar 
'A further test is ,the„reduction of. silve r tartrate m alkaline 
solution as follows — 

Expt 93 — Dissolve some Rochelle salt or other neutral salt in 
water and add a solution of silver nitrate A white precipitate of 
silver tartrate is thrown down Add dilute ammonia solution drop 
by drop until the precipitate nearly vanishes, and place the vessel 
m a beaker of hot water A mirror of silver is deposited 


Structure of Tartaric acid — The s alts described above 
show tartaric acid to be a dibasic acid Moreover, tartaric acid 
readily forms mono- ancTdi-alkyl esters — viscid liquids, which can 
be distilled without decomposition under reduced pressure 
These esters combine with acid chlorides and form mono- and 
di-acyl esters, whilst strong nitric acid gives a dimtrow-ester 
Taken in conjunction with the fact that tartaric acid undergoes, 
reduction to malic and succini c ac ids (p 183), the formation of 
acyl esters - afford ? 'additional evidence of thc”acid being a di- 
li\ dro^ysuccimc acid 


CH(OH) C0 2 G,H„ 
CH(OH) C0 2 G.H s 

Dicihvl t-irtratc 


(G,H 3 0) och co 2 c 2 h 5 
(C,H 3 0) och co 2 c 2 h„ 

Dncctjl tartaric ester 


(N0,)0 CH CO.,C,H s 
(NO_,)0 CH COX,H s 

Dmitrov} tartaric ester 


Racemic acid, CJIoOo — A second acid, isomeric with 
ordinarj tartaric acid, is sometimes found in the mother liquors 
from crcim of tartar, and can be obtained b) heating tailaric 
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acid with water in a sealed tube to 175 0 or by boiling with strong 
caustic soda solution It is known as racemic acid and melts 
at 205° It has been s i nthestsed-irom^gh oxal b y forming the 
dicvanln drm and h\ droh sing the product ’ * 

CHO CH(OH)CN CH(OH) CO^H 

1 ->■ I -$• I 

CHO CH(OH)CN CH(OH) CO,H 

CKo-cal Glyoxil cjanhjdnn Racemic acid 

Some of the salts of race mic acid ha\e,, a_differen t cr\s tajjmc 
fon 5 rTnd'Ttmtmn~Jr*(lifrerent amount of water of cr ystallisation 
fronitlicSe ofthe ordinarCacidTalld tTie~calcium salt islcss soluble 
m wafer^Ef utTIikc tart anc acid , j tyields su ccml ca c 1 don reduction 
1 The main point~~drBis'tihctioruJs^that J -racemiG~acid.JS.op ticallv 
ft i nactive m solution - It is clear that we are dealing with a case 
of stereo-isomensm 


Mesotartanc acid, C,H G 0 6 — \ third acid, isomcnc with 
t artanc j and-Xacem ic acid, is formed together with racemic and 
Jji-Jieating^rBinarv- 4 art aric acid with water to i6^ e or with 
- causti£_soda_ It has been obtained synthetical!} by the action 
of silver h\ droxide on dibromosuccime acid 


AgOH BrCHCO,H (OH)CH CO,H 

+ 1 =1 +2AgBr 

AgOH BrCH CO.H (OH)CH CO.H 

Dibromosuccime " Mesotartanc 
-wad tcid 


Mesotartanc acid crystallises m rectangular tables with one 
molecule of water It melts at 140° and is more soluble than 
racemic acid The most charactenstic salt of this acid is calcium 
mesotartrate, QH t O e Ca -f 3H s O, which is insoluble m acetic acid 
and much less soluble in water than ordinary calcium tartrate 
It is optical ^ inactn e 

Stereo-isomensm of the Tartanc acids —The relationship 
of the three tartanc acids was first explained hi Pasteur (i860) 
In examining the crystalline form of sodium ammonium 
tartrate, Pasteur obsened that the crystals exhibited hemihedral 
facets— that is facets of which only half the full number required 
by the symmetry of the crystal form are present Assuming 
that optical activity m ordinary* tartanc acid was m some wax 
related to the presence of these facets, he crystallised the same 
&a of racemic acid which is mactn e, anticipating that the 
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inactive salt would exhibit a symmetrical, crystalline structure 
The crystals, however, showed the unsymmctrical facets of the 
ordinary acid , but the crystals were not identical, some having 
their facets situated on one side, some on the opposite side of 
the crystal Crystals which bear the relation of object and 
image are known as enantiomorphous forms The two kinds of 
crystals arc drawn m Fig 52 in which the hemihedral facets 
are indicated by shading 

Pasteur separated th e two ^kinds-of crystals, jdissoh ed them 
in water 7 ~ah~'d~~e\arni ncxl^tliom— in__ th e polanmetcr They w'erc 
fd uri'd~to~deviate the plane o f j ojansati on in opposite ,di recti ons ^ 
and to the sa m e amoun t The dextro-rotatory \anety was 
identical with the salt of ordinary tartaric acid, the lre\ o- 




Fio S* — Enantiomorphous crjstal forms of Sodium ammonium tartrate 


rotatory crystals represented a fourth vanetj Leevo-tartaric 
acid is identical with the dextro-compounds in all respects 

except m its action on polarised light R acemic acid , like lactic 

aci d, therefore represents a mixture or, more c orrectly r^rygm- 
nrHihd. of an equal number of" molec ules of the dextro - and 
kevo-torms That'crystallised' racemic acid and its salti" inuslT 
be*regardecT rather as compounds than mixtures is shown from , 
their chenpeaLand- physical-properties , which j irejdis.tmct_from 
those of either of the components The same thing holds with 
. regara~fo'the salts of ordinary’ and sarcolactic acids (p 174) 

' Under certain conditions these acids and salts may be resolved 
/I finto their active components (p 190) An inactive substance_ 

1 1 which _shojys_pk.ysicd character s disti^t~ ~ffb m~~it S~'C( 5 nStifuen t 
1 1 activ e compon ents is known as a race mic comp ound" 
s * We have stiff to 'aFcoun'flfor , the IsomcrismTof mcsotartanc 
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acid If we examine the structural formula of tartaric acid, it 
will be seen that it possesses two as ymmetrical carbon atoms 
These are denoted liTtlicT formula by thick type 

H 

OH— C 0 2 H 

OH— C-CO.H 
I 

H 

Each asymmetrical carbon atom is surrounded by the same 
groups Let us suppose that each asymmetrical carbon with its 
associated groups produces a certain rotation in a given 
direction, we may imagine the following combinations of two 
similar asjmmetric groups Both produce dcxtro-rotation or 
both produce 1je\ o-rotation These will represent the dextro- 
and l&vo-varieties, and the mixture of the tw'o will produce 
inactive racemic acid Racemic acid is said to be .inactive by 
external compensation Suppose .finally, the two-asymmetric 



groups^ produce- rotation in opposite directions'. They, will 
neutralise one another The result will be a compound -which 
is inactive by internal compensation Such a compound cannot 
be resolved by any process into its active components' This 
represents mesotartanc ac id., winch is permanently inactive, never 
having been resolved The explanation is more easily followed 
by means of models Suppose that Fig 53 represents the two 
asymmetric carbon atoms, and that the bonds lettered X, Y, Z, 
stand for the three groups H, OH, and CO OH, for which coloured 
sticks may be employed Join together two identical models 
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by bringing one on to the top of the other (Fig 53) If we 
suppose each model to be dextro-rotatory, the combination will 
also be dextro-rotatory, and may stand for the dextro-acid, I , 
F*g S4 

The mirror image of this is show'll at II, Fig 54, and will 
stand for the lievo-acid It is impossible, of course to establish 
any direct connection between the character of the rotation and 
the particular grouping All we can do is to make an arbitrary 
choice, and let I stand for the dextro-, then II represents the 
lievo-acid The mixture represents racemic acid In meso- 



1 u • in 

Dextro lartiric icid Lac\o tartaric acid Mebo tartaric acid 

* v 

. Racemic acid 

Fig 54 

tartaric acid (III) the top and bottom asymmetric groups stand 
in the relation of object and mirror image, and consequently 
their rotations are opposed and neutralised 

Stereo-isomerism in relation to the number of asym- 
metric carbon atoms — From the foregoing it will be seen that 
every additional asymmetric carbon atom produces a rapidly 
increasing number of possible stereo-isomers, which may be 
easily determined by a simple calculation Glucose contains 
4 asymmetric carbon atoms The theoretical number is 16 stereo- 
isomers, of which 14 are known, mannose and galactose being 
among this number 

The resolution of externally-compensated compounds 
— The principal methods for resolving inactive substances into 
their acti\ e components are due to Pasteur The,separatipruby~— 


1 
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the aid of the enantiomorphous crystalline, forms of the salts 
has~alreaciy been ' explained" m~the case of racemic acid , but 
the method is limited m its application by the fact that ^ell- 
defined cnstals which exhibit hemihedral facets cannot always 
be obtained A mo re semceable-method-is.tQ_combine the in- 
act ive substance which is to be resolve d, with an optically actnc 
compound if a base with arTactn e acid , or, if an acid, with 
an actnc base Thejolubihties of t he salt s of dextro- and he \ o- 
tartarijc_acid_3Mtli. the^slim c~a Hi ve bas e, such as stry chnine or 
brucine (p 321) are not the same, and can be sep arated by Jrac- 
tional^cr ystal lisation For resoh mg racemic acid, the racemate 
of an actn e base is prepared and the salt cr\ stalhsed The less 
soluble portion, which first crystallises, is the salt of o TkT 
acid, and the more soluble that of-the other This process has 
been applied successfully to~tIie res'olutibrrbTinactn e lactic acid, 
and to many other cases A^third mcthod,_also employed b\ 
Pasteur, is to cause a solution of the mactn e substance to fer- 
ment by introducing certain low \ ege table organisms, such as 
L c ^st ,_ mou j(]s or bactena ~ one*of the two actne forms is, as 
a rule, more easily assimilated than the other, and the liquid 
shows increasing optical actiuty as the fermentation proceeds 
Artificial fructose, like most laboratory products obtained from 
inactive materials, is inactive , but, when fermented with yeast, 
the natural fructose is assimilated whilst the dextro-rotatory 

sugar remains In this way a dextro-rotatory fructose has been 
prepared 


1 ric acid, C 0 H 8 O 7 +H 2 O, is present as the free acid in 
emon juice, and in the juice of oranges, limes, sloes, etc It is 
. ound with malic acid in gooseberries, currants, and other fruits, 
and with malic and tartaric acids m mountain-ash berries It 
also occurs as the calcium and potassium salts in mam plants 
It is obtained from lemon juice, which contains 7-8 per cent 

hnnirl* aC T> b ' , neutrallsln S " ,th chalk or lime, and boiling the 
SI I Ci Salt > wh,ch IS ’"soluble in hot water, is 
acid n " n and fi tCred It; 1S then ^ ec °mposed with sulphuric 
ac d "' ap0rat 1 ln & the from calcium sulphate citric 

cule n? ,‘ SeSI " ar S e ’ transparent crystals containing x mole- 
cule of water Lemon ju.ee, which contains the acd, should 
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not be i unfounded with oil of lemons wlmh is obtained from 
the ruul, and contain 1 ; substances belonging to the fanuh of 
tcrpencs (p 260) 

Citric and is now prepared on an industrial stale by the citric 
fermentation of glucose, wherein 50 per cent of the glucose is 
converted into citric at id The ferment is 1 fungus which breaks 
up the glucose into nine icitl and carbon dioxide Citric at id 
is a trilnsic tcitl, and forms three scries of sells The potass- 
ium and sodium salts of citric acid can he prepired cont tilling 
i, 2, and 3 atoms of the met tl m place of hj drogen *1 he calcium 
salt, (C*II 5 0 7 ).Ca s + 4IKO, is characteristic of the acid It is 
not precipitated on adding lime-water to a cold solution of citric 
acid or calcium chloride to a utratc , hut on boiling, the calcium 
salt, which is less soluble in hot water then cold, is thrown down 
In this way the acid may he distinguished from some of the other 
acids dcri\ cd from vegetable sources 

Ferric ammonium citrate is prepared for medicinal purposes 
in thin, transparent flakes, b\ e\ aporating a solution of ferric 
citrate in ammonia on glass plates, and breaking up the hard 
film which remains 

The structure of citric acid, as determined In its decomposition 
products and sy nthesis, is represented In the formula . 

CH S CO.H 

CH(OH) CCU I 

1 

CH. CO a H 

I ormuh of citric soul 


UNSATURATFD MONOBASIC ACIDS 

Acrylic acid, C 1 I. CH CO OH, is the simplest member of 
the important group of unsaturated fattv acids It is formed m 
a variety of ways, b\ the oxidation of acrolein (p 143), oy 
the action of alcoholic potash on a- or /?-bromopropiomc acid, 
and by heating Indracrvhc acid, or liy droxy propionic acid, 
CIIa(OIT) CH. CO.II (p 175) 

CH 3 CHBr CO H + KOH = CH., CH COJT+KBr + H.O 

a Ilromopropionic ncitl Act) lie icid 

CH.OH CH. CO.H=CH. CH CO.H+H.O 

H)dracr> lie acid. Acr> lie acid 
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Acrylic acid is a liquid with a pungent smell, which boils at 
140° It possesses the properties of an unsaturated compound 
On reduction, it yields propionic acid ; w ith bromine it forms 
dibromopropionic acid , with h) drochloric acid it gnes /?-chloro- 
propionic acid In the latter case it should be noted that the 
halogen attaches itself to the carbon farthest from the carboxyl, 
which is the general rule when halogen acids unite with un- 
saturated acids 


CH,Br CHBr CO OH 

Dibromopropionic acid 


CH*C 1 ch, co„h 

p Chloropropionic acid 


- Oleic acid, Ci s TI 31 0 2 , has already been referred to under fats 
and oils (p u8) , but belongs strictly to the acrylic acid series 
In animal fat, olive oil and other vegetable oils, it is present as 
the glj cende or olein Its lead salt is soluble in ether, and this 
property is utilised for separating it from stearic and palmitic 
acid, the lead salts of which arc insoluble Its relationship to 
stearic and palmitic acids as well as its unsaturated character 
are clearly exhibited by the following reactions It is reduced 
by nickel in presence of hj drogen to stearic acid (fat hardening 
process), and oxidised by fusion with caustic potash to palmitic 
acid and acetic acid 

CisHaAi + Ho = Cj g H 36 0 2 

Oleic icul Sieanc icid 

Ci 8 H 3 A +2KOH = C 1 c H 31 0 ,K + C 2 H 3 0 ,K +H„ 

Potassium 

p'llmiinte. 

K ,S f° rms add, , tne compounds with iodine, bromine, and also 
with strong sulphuric acid 

Add a fe " dro P s °f a solution of bromine m carbon 
?n« d,Srgcd C ° r ° l6m a,,<1 Sha, ' e ,,P ^ C ° W 15 

steam"!! COm ?°r d " ,th sul P ,mrlc «ad is distilled tilth 
’ !t ‘ s conv erted into a solid isomer of oleic acid, known as 

candTe-makino- T| Can be ? Sed 1,kc stear,c and P^mitic acid m 
_„i , ^ us constitutes one of the advantages of tlip 

h' C P er out D a '; d „, ,ap ?", ,ficat r « by thi^meanV a 

Cohen s Cl Bh.Org Chem 


O 
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En.pt 95 — Pour a few c c of oleic acid into a test-tube and add 
a small piece of sodium nitntc and a drop or two of strong mine 
acid Nitrous acid is evohed, and in a few minutes the oleic acid 
is converted into solid elaidic acid A similar change occurs with 
olive oil 

The formation of these isomers may be explained either by 
a change produced in the position of the double bond m the 
chain of carbon atoms or b\ some difference in the space arrange- 
ment of the atoms 

Linoleic acid, C^TIajO;., is present as the gl\ cende together 
with the glycerides of linolenic acid, C ls lI 3 oO», and other un- 
saturated acids, in the so-called drying oils, e g linseed (from flax) 
cotton-seed, and col/a (rape-seed) oils These oils possess the 
property of absorbing ox\gen from the air and changing into 
transparent, resinous substances The change is hastened b\ 
heating the oil with certain metallic compounds known as driers, 
such as lead oxide, manganese borate, etc When linseed oil 
is thus treated it is known as boiled linseed oil 

Linseed oil — The boiled oil is used as a \ chicle for pigments, 
and forms, when dry, a hard, protects e, and at the same time 
transparent, covering By pounpg successne la\ers of the oil 
on to cloth or canvas and freely exposing them to the air, the oil 
hardens and forms the material known as oil-cloth Linoleum 
is produced m a similar manner by first oxidising the heated oil 
by blowang a current of air or oxygen through the liquid, thereb\ 
forcing it into a fine spray The semi-solid, gelatinous product is 
melted and mixed with powdered cork and other materials, and 
spread out m thin layers, which on cooling become solid 

The absorption of oxn gen by drwng oils is generally accom- 
panied by a considerable rise of temperature, and fires ha\e 
been known to originate through the spontaneous ignition of 
cotton waste which has become impregnated with oil in the 
cleaning of machinery 

Varnishes are also made from boiled linseed oil by' mixing at 
with certain gums or resms and diluting with turpentine or spirits 
of nine 
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QUESTION'S ON' CII VPT12R XV 


1 Dcscnbc the methods of preparing the h\ drovx -acids of the * 
fatt\ scries One some account of their properties* 

2 What is the action of hxdrogon c\ amde on Ketones and alde- 
lixdcs 5 Mention two examples in which this action has been 
utilised m effecting the x\ nthcsis of impoi lant organic eompoumls 

4 3 Show how hctic acid mac be produced from propionic acid 
and from nldehxdc and how these substim.es ran be obtained 
from lactic uul 

4 Describe the properties of the hxdioxx - icids What is the 
action of phosphorus chloride hxdrnbrmmc acid h\dnodic acid 
and mtnc acid on glx collie arid 5 

5 Se\ oral acids are Know n ha\ mg the composition expressed In 
the formula t 3 H r 0 3 Lxpind this mto the sex oral constitutional 
formul e \\ hat fart> go to prove that lactic acid is both acid and 
alcohol 5 

G Describe how cthxlcnc- and t tin hdcne-laetic acids max be 
obtained s\ ntlicticalh W hat is the result of be atmg e icli \ ai ictx ? 
Which exhibits optical isomerism 5 (me a brief account of the 
thcorv which is genera 11 \ accepted as accounting fen this Kind of 
isomerism 


7 Give an example of an aldclix die and a Kclomc acid, and 
describe some of their characteristic properties 

8 What is the action of sodium on ethxl acetate J Indicate 
how the resulting product max Ik. made the means of obt lining («) 
a substituted icctic acid, (b) a substituted acetone 

9 "hat do xou understand bx the term optical acti\it\ ’ 
iFxplain its connection with the constitution of cailxm compounds 
/xx Inch manifest this properl x 

’ . "bat means arc acids of the succmic scries prepared 

from acids of the acetic series 5 


^ Describe anx method bj xxhicli an acul of the succinic senes 
max be conx erted into a higher honiologuc of the same senes 

12 How would xou proceed to mahe oxalic acid from Ut) 
common sugar, (b) oxamule, (r) formic acid 5 

- 10 ,s oxalic acid made on the large scale ’ What 

reactions occur between oxalic acid and (a) alcohol, lb) sulphuric 
■ acid, (r) phosphoms pentaclilonde 5 * 1 

i4 What is the formula of oxalic acid > How is it made’ 
0X11,310 bo prepared > Wliit is its relation- 

- 15 Starting from acetic acid, how w ould you prepare the diethyl 

o 2 
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ester of malomc acid, and how would you obtain acetic acid from 
the ester ? 

16 An acid which contains only carbon, hydrogen, and oxygen 
gave on analysis 40 7 per cent of carbon and 5 68 per cent of, 
hydrogen The silver salt contained 65 per cent of silver The 
acid on heating evolved carbon dioxide, leaving a strongly acid 
liquid What is the probable composition of the acid and of the 
product formed on heating, and how is the former most easily 
prepared ? 

17 What are the chief natural sources and chemical relation- 
ships of succinic, malic, and tartaric acids ? How may these acids 
be changed into each other ? 

18 How many tartaric acids are known ? How are they 
obtained ? How do you account for their existence ? 

19 Starting from ethylene, show by what series of operations 
tartaric acid may be built up In what respect does the acid so 
formed differ from tartaric acid obtained from grapes ? 

20 Tartaric acid contains six atoms of oxygen, but is only 
dibasic In what forms does the oxygen exist in this acid, and 
how is such a question determined ? 

21 What is the common source and mode of manufacture of 
citnc acid ? 

22 What is meant by the term unsaturated acid > Give 
examples How would you show that an acid is unsaturated ? 

23 What is meant by the term drying oils, and what are their 
applications ? 



Cn\PTER XVI 

SO ML MTROGLN COMPOUNDS 

Acetamide. — On page 6^ it was slated that In the action 
of ammonia on accUl clilondc acetamide is formed’ ” 

A convenient method for preparing acetamide is t o d istil 
ammonium, ace tat<? fc 

CH 3 CO, VI I, = CH n CONH., + II O 
The operation is conducted ns follows 

Evpt g6 — Preparation of Acetamide — Melt 50 grams of 
ammonium acetate bj gently heating, and pour the liquid into a 
lound flask Add 60 c c glacial acetic acid and boil gently with 



a reflux condenser foi foui horns 'the pioducl is distilled as 
follows —Insert a thermometer into the neck of a distilling flask 
and use a long wide tube as a condenser (Fig 55) Heat ovei wirc- 
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gauze A certain quantity of ammonia water, and acetic acid 
distils When the temperature reaches 213°, change the receiver , 
the distillate on cooling solidifies and consists mainly of acetamide 
Acetamide melts at 82° and boils at 222 0 The smell, like that of 
mice, proceeds from a minute trace of impurity 

The presence of nitrogen m the acetamide may be detected as 
follows 

Expt 97 — Tests for Nitrogen m organic compounds — (x) Pour 
about 10 c c of distilled water into a small beaker Place about 
half a gram of acetamide m a small test-tube along w ith a piece 
of metallic sodium the size of a coffee bean, and heat them, at 
first gently, until the reaction subsides and then stronglj , until tne 
glass is nearly red-hot Place the hot end of the tube m the small 
beaker of water The glass ciumbles away, and any residual 
sodium is decomposed with a bright flash, the cyanide which 
is formed rapidly goes into solution, whilst a small quantity of 
carbon remains suspended in the liquid Filter through a small 
filter into a test-tube Pour into the clear solution about 1 c c of 
ferrous sulphate solution (to which a drop of feme chloride has 
been added) boil for a minute, cool, and acidify w ith dilute hydro- 
chloric acid A precipitate of Prussian blue indicates the presence 
of nitrogen (2) Another test is to heat the substance with 
soda-lime w'hen ammonia is e\ oh ed Grind up a small quantity 
of acetamide w ith 2 3 times its bulk of soda lime and bring the 
mixture into a test-tube Place a little soda lime above the 
mixture and then heat strongly Ammonia will be eiohed 

Reactions of Acetamide — The amides are characterised 
by certain distinctive properties Oru boiling with caustic soda 
they are hydroljsed Acetamide is converted into acetic acid 
and ammonia 

CH 3 CO NH. + NaOH = CH 3 C 0 2 Na + NH 3 

Expt 98 — Boil a small quantity of acetamide with caustic 
soda solution in a test-tube, and smell the vapour given off, or test 
it w ith red litmus Ammonia is evolved, and sodium acetate is 
found in solution — 

"By the action of dehydrating agents [e g phosphorus pentoxide) 
-thc^mides^re^OT^g^ed^mto alk>l cyanides Acetamide, when 
mixed with phosphorus pentoxide and distilled, gives methyl 
cyanide 

CH 3 CO NH 2 - h 2 o = CIi 3 CN 

Acetamide Melhjl cyanide* 
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Exrr 99 — Preparation of Methyl cyanide or Acetonitrile — Mix 
together io grams of dry acetamide and 15 grams of phosphorus 
pcntoMde m a small retort or distilling flask attached to a con- 
denser and receiver Heat the mixture over a small flame 
Collect the liquid which distils, and add a few c c of w ater and then 
solid potassium carbonate, until no more dissolves "The upper! 
layer ol liquid is removed and redistilled over fresh phosphorus 
pentoxide Methyl cyanide boils at 82° 


As we have already seen, the cyanide s — hydrocy amc acid and 
methyl cyanide — give acids on hydrolysis (p 78) 

'*~%n er +. J 

CH 3 CN + 2H .0 = CH 3 CO„H + 2NH 3 

Thus, the conversion of ammonium acetate into methyl 
cy amde forms a cycle of rev ersible changes 


'U' - 

V\ v 


\ 


CH 3 COONH 4 CH 3 CO NHj 

Ammonium icclate Acetamide 

\\ M 

ch 3 cn 

Meth>l cj-Hiide 


■V ** 

A third reaction of the _ amides - is _ their, behaviour with 
bromine andTcausticjsoda- 

It Jakes place m two steps By r the action of bromine, acet- 
amide is converted into acetobromamide : 


CH 3 CONH 2 + Br 2 


: CH 3 CONHBr -f HBr 

Acetobromimidc 


If the acetobromamide js then warmed with excess of potash, 
lt , s^\CTted,mtp methy 1 isoevanate, w^liicKTOireTljrwTs.upl 
on boding, into methylanune In the first reaction the' hydro- 
bromic acid 15'removed from the acetobromamide, which produces 
methyl isoevanate by atomic rearrangement The methyl 
isocyanate is then hydrolysed (Hofmann): 


CH 3 CON HBr + KOH = CH 3 N CO + KBr ~f H s O 

Vcctobromamidc Mcthjl uocyamte 

CH S N CO + 2KOH = CHjNHj + K 2 C 0 3 

Methjlamine 


tOSether ^ a } htre flask 2 of acetamide 
7 " gr * ms of bromine, dnd then cool and add dilute caustic 
potash solution until the colour of the bromine vanishes Now 
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add 6 c c of a strong potash solution and warm There is a brisk 
effervescence and evolution of methyl amine, which has a strong 
smell of herring brine (p 205) 


The Amines — The name amine is given to dcrivaln cs of 

-4- -iri i n i M . nl f 1 , 

am monia in which one' or more atoms of hvdrogen are replaced 
by alkvl groups They arc also called substituted^ or compound, 
anuftbims" *an8 from their rcscmblanc e.-ta»ammoni ^ an d-thc 
c austic, alkalis generally, const itute onc i o fthc,.groups J .of.organic 
5 ases Jf one, two, and tliree atoms of hjdrogcn m ammonia 
are replaced by alkyl groups, the compounds arc known as 
mono-, di-, and tn-alkylammes, and also by the names, pri mary , 
secondary," and" " tertiary jyminjis j The methyl derivatives of 
limmo^^mv^ThC^OlIo’wnig structural formula! and names 


/H 

N(-H 


/CH 3 

N^-H 

\H 


/CH 3 

N^CH 3 


/C H, 
NfCH 3 
X CH, 


Metliy limine Dimcthjlamine Irimcthj limine 

(Primary Inline) (Secondiry immi.) Clertnry mime) 


Although the existence of substituted ammonias was forptold 
by Liebig as early as 1842, it was not until 1849 that Wurtz 
prepared the first member,, methyla mine, by boiling the methjl 
ester of cyanic acid, or metl Tyl isoc vaiia te /p "199), .wjth caustic" 
potasfT^lie "found that the gas evolved had a strong ammomacal 
smell, but diff ered fro nuunmo nia in being I nflam mable.* 

ch 3 n co + o h 7 ^cii^h^+coZ 

Methjl isoc) inale Mcthjliminc 

The carbon dioxide forms potassium carbonate witli the potdsh 
presen tT^nd the7 methylamme is liberated . as~algas “ ' " 

Expt ioi — Mix together m a hard glass test-tube one part of 
methylamme hydrochloride and two parts of quicklime or soda- 
lime and heat The methylamme gas winch is evolved may be 
ignited, and bums with ^lambent, bluish flame 

Properties of the Amines — The amines have properties like 
Jdios,e^of, ammonia The hydrochloride,, nitrate, „ and sulphate, 
of methylamine’Tiave a similar composition to the salts of 
ammonia : 


NH 2 CH 3 HC 1 NH 2 CH 3 HNO, (NH 2 ch 3 ) 2 h 2 so 4 

Methylamme . Methylamme Methylamme 

hydrochloride nitrate sulphate 




SOI 


x vx SO MV' NITROGEN COMTOl ND* 

n, c ■’mines al-Q_^fnrm douhlc_solt5 with the chlorides of 
jg]itinumTZoi3- and mercury 1 he p! it mum salts ‘of the amines 
"re'vellow crystulfinc substances, closely resembling m Appear- 
ance '•mmonnun chloroplatmate, and they are similarly 
constituted Mtthyhmmc chloroplatmate has the formula : 

(XHjCHj HCl^PtCl, 

Tlic phtmtim salts arc readth prtpired l>i fli«-olunc the 
amine m moderately strong hvdrochloric and and nddmg platmic 
chlondc Tbese salt- cm serve for determining the molecular 
weight of the amine In igniting i weighed qu mtit\ ind estimating 
the residu il platinum Knowing thtj-e two weights and the 
atomic weight of platinum, tire molecular weight of the salt 
i* .jven from which that of the hise tan be estimated 

Enpt 102 — If methylammc h\ drochlonde is not .available, 
aniline C*H S NH. (p 262), mav be used Pi-solv e 05 cc in 
about 2 c c nf coac In droclilonc acid and 2 c c of water and 
and a fev drops of platmic chlonde \ \cllow, crvstalhne salt, 
(C«H>*H.HCl).rtCl„ will grnduaitv -eparate Tor the deter- 
mination of molecular wcignt* by this method see p ^22 

Tne lower m ember;. of. the series of amine-, such as methyl 
amine, dimcthjlammc ^jm d^t yi mcthyhn une. arc g ases "vThich 
aT>TuTvy^ffi^e 7 li.r the Jiighcr^ members^ arc either colourless 
liq uids or. s olid g the *oluhilTn of wlm.Vrip idh decreases with 
increasing mol cculir we ight The more \ olatilc“Tnmn’s Kate a 

» I mil III Ill It .»! I|g fUJIII 1irtT -|- -,-p .1111-1 I. j . I I I I ilflT-T*^— *'***'*''** II ^ | W If 

strong nrnmoniacal «mcll 

As the Tivdfoclilondcs and nitrates of the amine* are very 
soluble in water amines (which arc themselves insoluble) 
dissolv e rcadilv on the addition of dilute hydrochloric or nitric and 

The following table contains a list of the first four members of 
the series, from which it will be observed that the boiling-points 
ns- from the primary to the ternary amines 


Yn-c 

Tpt~m 

^•orda*^ 

t 

Tenu'v 

I'O 1 "Z P-M-* 

IWirj; *»c n* 

r^*'in; punt , 

r ^ 

M anvlxmint. 


t,u 

. & j 

El hi kunirt. 

10 

5 f>* 

Propylamuu 

-.0 

OS’ 

150 

t 2 I 5 J ! 

t 

Bjwlamirc 

1 

-A’ 

76 

too” 
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✓ .Primary, secondary, and tertiary Amines — It has already 
been stated that the amines are divided into three classes, which 
are termed primary, secondary, and tertiary amines, according 
to whether one, two, or three hydrogen atoms in ammonia are 
replaced by radicals 

Each of these classes possesses certain distinctive properties 
by which it may be identified The methods of identification 
depend upon the presence of certain groups — in reality, upon 
the number of hydrogen atoms of ammonia unsubstituted by 
radicals 

These groups may be termed primary or ammo groups, 
secondary or immo groups, and tertiary groups 

— NH„ =NH SN 

Primary . or amino group Secondary > or imino group Terliarj group 


Nitrons acid is one reagent e mployed for distin guishing the 
^hree groups ' ”* ~ 

Tfie'*prirn arv amines comhin e with nitrous acid ^and^ form 
soluble, .nitrites , w hich resemble ammonium nitrite in being 
rapidly^ecomposed in aqueous solution on heating But, 

=> -ir r--- ' -i 

whereas ammonium nitrite yields water and nitrogen, the 
pri mary-am ine forms an alcohol, water, and nitrogen 
Methylamme nitrite aecomposes in aqueous solution into 
methyl alcohol, water, and nitrogen . 


HNH 2 

HONO 


H 2 0 + N 2 + H 2 0 


Ammonium nitrite 

CH 3 NH, 

' = CH 3 OH + N 2 + HoO 

HONO 

jMcth) limine nitrite 

This reaction is most conveniently carried out by dissolving 
the amine, or its salt, m dilute hydrochloric acid, and then adding 
a solution of sodium nitr ite Effer\ escence at once begins on 
warming, and nitrogen"is evolved Alcohol is then found in 
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solution If the same Trar-ii oaus-a pplied to a secondary ain jne, 
no cflcn csccnrc _o ccur«>-nn-adH>t4on— nf sodium pitnle, hut, .a 
yellow oil j» u^araioiH^lM<‘li^s^tHcd-n~nitros grnme, and is \olatilc 
111 steam (p 263) Drmetln laminc forms dmicth}! nitrosam inc 
It is formed b\ the follow mg reaction . 


(ClI a ).Ml d HO NO = (( I l a ),N NO d- HjO 

Uimeilijl nitrntantmr 

Fai’T 103 — For this experiment meth} lanilmc, C f lI s NHCII v 
may be used Dissohe the base in dilute hydiochlonc acid by 
shaking, and add to the clear solution a few drops of sodium nitrite 
An cimusion consisting of oil} drops of the nitrosaminc, 

C e lI s X(NO)CII 3 . 

is formed, w hich.on-tdmking-\nt h cthor jchssnl vcs and gi\cs a \cllo\ v / 
solut ion « 

\ilrons_a ci d. is without action on the tertiary aminos The 
action of nitrous acid nm therefore be cmplojcd for the separa- 
tion of tertiary amines from sccondar) or primary compounds 

Primary jumnes may also he id entifie d In mean s— of . .th e 
isoc }amd c , or car bammc reaction describe d on p 103 In the 
reaction referred ~lo7~cliloro{orm is detected by the smell of 
plicnylisoc\ amde c\ol\cd on heating chloroform with aniline and 
alcoholic potash Am pnjpajy_amu3 g_ mat be substituted fo r 
aniline, with the formation of the corresponding alkyl isoc\anid c 
Mcth}laminc forms, with chloroform and potash, methyl iso- 
c)amdc, cthylaminc gives cth}l isoejanide, and the} all possess 
t he same disag re eable s ipcl) " " ~~ 


CII 3 N Ho + C J IC 1 3 + 3KOII = CII 3 NC + 3 KC 1 + 3II0O - 

Methil isocjnnulc 

Secondary and tertiary amines do not form isoc}amdcs 

Quaternary Ammonium compounds.— -Although tertiary 
amines are unchanged b} many of the reagents whidfTSrt 
with the primar\ and secondary amines, they possess the riis- 
Unctavc-propedauliinitmK w,ith _a molecule of 
to_Jor m_ _ a hat ... ,u X-knowja_a s quaternary ammonium iodides 

i ^ wiiinr-TiTc 

comparati\eI}Quhl^Jaiyd^are_3jn decomposc d by boiling caustic 
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alkabg, Trimethylamine and methyl iodide form tetramethvl 
ammonium iodide 

N(CH 3 ) 3 + CHjI = N(CH 3 ) 4 I 

Totnmcthsl 
'immonmm iodide 

Expt 104 — To show this reaction dimcthylamline, C 6 H B N(CH 3 ) 2 , 
may be used On warming a mixture of equal volumes of the 
base and methyl iodide, the solid phenyl trimetliyl ammonium 
iodide, C 6 H.,N(CH 3 ) 3 I, separates 

Bv the action of moist silver oxide , -which reacts like silver 
hydroxide, on the quaternary ammonium iodide, the iodine 
atom is exchanged for hydroxyl, and the resulting compound i s 
known as a quater nary ammonium hydroxide 

\/n(CH 3 ) 4 I + AgOH = N(CH 3 ) 4 OH + Agl 

Tetramethvl 
ammonium hjdrovide 

Tetraet livlammojiiu m iodide g ives the-corrcsponding hydroxide 
These_j 5 jAbs.tances are sol uble in water , to which they impart 
■a^stronglv alkaline reaction They beh a^, j n fact7likc ammonia 
The .s olutions precipitatc„m etaIlii :_Qxidc sIrq m sohitionT^ of 
metallic salts and absor h-carbon-dioxidc-from the air 

Preparation of the Amines — There are various methods 
for prepanng amines m addition to that already described 
In the same year in winch Wurtz discovered the first of the 
substituted ammonias, Hofmann introduced an important 
process for preparing the mono-, di-, and tn-alkylammes It 
consisted in heating the alkyl halide with alcoholic ammonia 
(alcohol saturated with ammonia; m sealed tubes under pressure 
The three classes of amines, as well as the quaternary compounds, 
are produced together In the case of methyl iodide, the fol- 
lowing senes of reactions occurs 

1 J * NH 3 + CH 3 I = CH 3 NH, hi 

I r Methjlamme hjdnodide 

I CH 3 NH 2 + CH 3 I = (CH 3 ) 2 NH hi 

I DxmcthyHmine hjdnodide 

5 (CH 3 ) 2 NH + CH 3 I = (CH 3 ) 3 N hi 

l " Tnmcth>Hmme hjdnodide 

} (CH 3 ) 3 N + CH 3 I = (CH 3 ) 4 N I 

t Tetramethvl immomura iodide 
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Anothe r me thod is to reduce the cyanide with sodium in 
alcoholic solution 


CH 3 CX -f- 2H0 = CHgCH^NHo 

Methil cvamde. Ethi limine. 


Methylamme, CH 3 NH«, dimethylanune, (CH 3 ) 2 XH‘ and tn- 
methylairune, (CH 3 ) 3 N, are gases They are a ll prese nt, but 
c hiefly dimethylamine .-in .t he hnne in which herrings ha\e bee p 
sal ted and arise fro m-the-putrefaction -nf the fish 
Dimethvlamme and trimetlylamme are also present m con- 
siderable quantity, together with other ammes and meth\l 
alcohol, among the products of the destructne distillation of 
molasses residues from the beet-root industry (p 157) The amines 
axe— separated— hi — addinir_hvdrnchlnnr-— nniri fli§jjUnjt r off _±hft 
alcohol, an.(Ljs.va poratmg the residue to drvnes s 3 Vhen di- or 
tn-methilamme hy drochlQndeasJueaied-in a current of hvdrn- 
chlonc acid ^gas ^Jt „y ields ..met h\ 1 chloride and aimnnnnm 
c hloride 

XH(CH 3 )o HCI 4- 2HCI = 2 CH 3 C1 4- XH,C1 
X(CH 3 ) 3 HCI 4- 3 HC1 = 3 CH 3 C1 4- NHjCl 


The meth) 1 chloride obtained in this way from the beet-root 
residues is liquefied b} compression into steel . C} lmders, and 
is used like ethjl chlonde m surgery as a local anaesthetic 
Its rapid e\ aporatmg causes intense cold Under the recener 
of an air-pump the temperature may be reduced to — 55 0 
The presence of the methylamme bases m herring brine 
and molasses residues has its origin m the character of the 
nitrogenous constituents of animal and i egetable matter many 
of which contain these basic groups which become detached 
by decomposition 


The \anous reactions described above render it possible to 
pas^ up and down the senes from one member to the next 
\!>Jbr example meth} 1 alcohol ma\ be comerted »to the iodide, 

-\ fv c 'amdc, and, finalh , by reduction into eth\lamme and 
- eth} 1 alcohol . 


"'CHjOH 

Mcthjl 

alcohol 


HI 


ch 3 i 

Meshjl 

iodide. 


KCX 


ch 3 cx 

Methil 

cyanide 


. =H 


CH S CH a XHo 
Ethylamme. 


HNa 


C^Hj OH 

Eih\l 

nleohuL 
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In order to pass from a higher to a lower member of a series, 
the second method maj be introduced Ethyl alcoliol maj be 
converted into acetic acid, then into acetamide (p 197 ), methyl- 
amine, and methyl alcohol 


C H s OH CoH 4 0 2 ^ s C,H 3 0 NH, Br ? + ^CH 3 NH, H i^ CH 3 OH 


htlijl Acetic Acetamide Methjlamine Meth>l 

alcoliol acid alcohol 


QUESTIONS ON CHAPTER XVI 

1 Give two methods for preparing primary amines free from 
secondary and tertiary amines 

2 Give a method for distinguishing primary, secondary’', and 
tertiary amines 

3 In what respects do the amines resemble ammonia 7 

4 Write the formula for the hydrochloride, nitrate, sulphate 
and platinochlonde of triethylamme 

5 Give the structural formula of isomeric amines having the 
molecular formula C 4 H n N 

6 What is the action of acetyl chloride on mono-, di-, and tn- 
ethylamine 7 

7 How can (x) acetic acid be converted into formic acid and ( 2 ) 
methyl alcohol into ethyl alcohol 7 

8 Describe the technical process for preparing di- and tn-methyl- 
amme Eor what purpose are they employed 7 

9 Describe the properties of methylamme, and show how it may 
be prepared from methyl alcohol and acetamide 

10 Describe and explain the method by which you would 
prepare methylamme from acetamide How would you convert 
methylamme into trimethylamme 7 

11 Describe the reactions by which primary, secondary, and 
tertiary ethylamines have been obtained How- would vou distin- 
guish ethylamine, diethy lamine, and triethylamme from each 
other 7 

12 Describe the chloroform test for a primary amine and 
indicate the naTure of the reaction on which it depends 

13 Describe the tests for nitrogen 
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SOME C\ ANOGEN COMPOUNDS 

Cyanogen compounds — Earlj m the eighteenth century 
Diesbach, a German colour maker, accidentally discov ered 
Prussian blue by adding a salt of iron to Jtxivttun sanguinis (the 
aqueous extract of blood calcined with potash) In 1782, Schecle 
obtained prussic, or hydrocyanic, acid from the lixiwum as x\ ell 
as from Prussian blue by distilling them with a mineral acid , 
but it was not until 1815 that Gay-Lussac explained the composi- 
tion of hydroc\anic aud and the cyanogen compounds lie 
showed that these compounds contain the group (CN) to which 
he gave the name cyanogen (mWo?, blue , yei 1 aw to produce), 
and pointed out that cyanogen plays the part of an element 
like chlorine lx was, m fact, the first example of a radical 
(P 3 8 ) We shall see in the course of the chapter the many 
points of similarity existing between cyanogen and chlorine 

Cyanogen, (CN) 2 — Free cyanogen was obtained by Gay- 
Lussac b\ heating mercury or sih er cyanide : 

Hg(CN). = Hg4-<CN), 

Mercuric Cyinogen 

cjinide 

Expt 105 — The mercuric cyanide for the experiment is pre- 
pared by dissolving mercuric oxide in aqueous hydrocyanide acid 
and concentrating the solution until it crystallises Heat a few 7 
grams of mercuric cyanide m a hard glass test-fiube A gas is 
evolved, which may be ignited at the mouth of the tube, and burns 
with a purple flame „A small quantity of a brown, amorphous 
pow der is left, w hicli is known as paracyanogen, and is a polymende 
of cyanogen As cyanogen is soluble in w ater, it must be collected 
over mercury, should this be necessary 
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Cyanogen is a colourless gas with a peculiar smell and is 
very poisonous It burns with a purple flame, forming carbon 
dioxide and nitrogen Its density corresponds with the formula 
(CN) 2 Like chlorine, therefore, which m the free state consists 
of molecules composed of two atoms, the molecule of cyanogen 
is composed of two cyanogen groups, and the gas is sometimes 
called dicyanogen Cyanogen may be readily condensed, under 
a pressure of four atmospheres, to a liquid Liquid cyanogen 
boils at —2o° and solidifies at — 34 0 Cyanogen dissolves 
readily in water , but the solution gradually decomposes, forming 
a brown, flocculent precipitate, known as az ulmi c_acid, whilst 
ammonium oxalate is found in solution The ammonium oxalate 


arises from the hydrolysis of the cyanogen, a reaction which 
resembles that which takes place when the alkyl cyanides are 

hydrolysed (p 78) . 


, HOH 

cn+Hq 

H u 

1 H o 

CN+H U 

HOH 

.OH 

<0 +riH > 

k° +NH, 

MDH 

Cyanogen Water 

Oxalic acid Ammonia 

y ' ' 

Ammonium oxalate 


Just as methyl cyanide is obtained by dehydrating acet- 
amide (p 198), so, if oxamide (p 180) is distilled with phosphorus 
pentoxide, cyanogen is formed 

CO NH, CN 
| ' = | + 2 H „0 

CO NH 2 CN 

Ovatmde C>anogen 

Expt 105a — Bring into a hard glass test-tube some phosphorus 
pentoxide to a depth of about J inch and immediately add about 
half its bulk of oxamide Mix thoroughly by shaking and stirring 
with a glass rod, and then heat The cyanogen can be ignited at 
the mouth of the tube 

If cyanogen is passed into caustic potash solution, it is de- 
composed into potassium cyanide, potassium cyanate, and water 
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This reaction brings out clearly the similarity m the properties 
of c\ anogen and the halogens : 


(CN)> + 2 KOH = IvCN + KCNO + H«0 

Potassium Potassium 
cyanide cj anate. 


Cl, + 2 KOH = KC1 + KCIO + H,0 


Hydrocyanic acid. Prussic acid, occurs m certain plants , it 
is found m the lea\ es of the cheny laurel, in bitter almonds, and 
in the kernels of cherr\ , peach, plum, and other stone fruits 
It is not usually present as the free acid m the plants named, 
but in combination with glucose (grape-sugar) and benzaldehyde 
(oil of bitter almonds, p 290) m the form of a crystalline sub- 
stance known as amygdalin This crystalline compound is 
termed a glucoside, and is readily decomposed by dilute sulphuric 
acid into its constituents The process is one of hy droly sis : 

C J0 H„NO u + 2 H.O = C-H 6 0 + HCN + 2 C 6 H 12 O c 

Amjgdalm Benzalde Hjdro Glucose 

h\de cjanicaad 

The same decomposition is produced by the action of an 
enzjme (p 21) known as emulsm, which is present m bitter 
almonds Emulsm acts onl} m the presence of water, so that 
b) grinding up bitter almonds with a little water, hy drol) sis 
takes place, and the smell of hydrocyanic acid, together with 
that of benzaldehyde, is soon percened Dilute hydrocyanic 
acid is usually made b\ distilling potassium ferrocyanide 
(P 2I 4) wnth dilute sulphuric acid 


2 K 4 Fe(CN) c + 3H,S0 4 = 6HCN + IC,Fe' Fe(CN) 6 + 3K,SO, 

Hjdro ' Potassium 

ferrocjamde. cj-inic acid ferrous ferroc) amde 


The solution slowly Decomposes, on standing, into ammonium 
formate The reaction is analogous to the formation of am- 
monium oxalate from cy anogen (p 208) l 


HCN + 2 FLO = H CO ONH 4 

■\mmomum formate 

Expt 106 ^Preparation of Hydrocyanic acid — As the acid 
\ apours are excessneh poisonous, it is desirable to conduct the 
following operation in a fume cupboard Ten parts of coarsely- 
CohensCl Bk Org Chem 3 
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powdered potassium fcrrocyanide are placed in a retort and 7 
parts of concentrated sulphuric acid, pre\ louslv diluted with from 
10-20 parts of water, are added The retort is connected v\ ltli a 
well-cooled condenser and receiver On distilling the mixture, 
aqueous hydrocyanic collects in the receiver 

The pure anhydrous acid is prepared by distilling a mixture 
)of powdered potassium cyanide and moderately strong sulphuric 
jncid and passing the vapour, which is evolved, through U-tubes 
containing solid calcium chloride to remove the water The 
dry hydrocj anic acid v ipour is then led into a U-tube surrounded 
by ice, where it condenses to a colourless liquid 

Properties of Hydrocyanic acid — Pure hydrocyanic acid 
boils at 26° and solidifies at — 14 0 It is inflammable, and burns 
with a violet flame It is excessively poisonous, even m the 
minutest quantity, and the greatest care should be taken in 
preparing and in using it 

Pure In drocyanic acid is rapidly decomposed bv strong 
hydrochloric acid with a considerable rise of temperature, first 
into formamide, and finally into formic acid and ammomttm 
chloride 

HCN + H ,0 = HCO NH 2 

Hjdro Formanude 

cyanic acid 

HCO NH, + H ,0 +HC1 = H CO OH + NH 4 C1 

Formic acid 

Strong sulphuric acid probably effects the same change, but as 
it decomposes formic acid at the same time into carbon monoxide 
(p 74), no formic acid is actually produced This explains 
why carbon monoxide alone is formed when either potassium 
ferrocy anide or potassium cyanide is heated with strong sulphuric 
acid 

, As hydrocyanic acid yields formamide on hydrolysis, so the 
reverse process may be effected by removing the elements of 
water from formamide ' 

On distilling formamide with phosphorus pentoxide, hydro- 
cyanic acid is produced 

HCONH. -H 2 0 = HCN ; 
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YNlun m alcoholic solution ot h\droc\anic acid is reduced 
with metallic sodium mclhjhminc is formed just as metlnl 
c\ mule is con\ertcd into etlij limine (p 205)* 

HCX + 2H» = CH 3 XI-L 

Metlijtarmne 

The Metallic cyanides — Potassium c>amde, KCN, and 
sodium c\ unde, \iC\, arc two of the most import mt silts of 
lncirocxintc lcul Pot issium tjamdc is formed bi fusing 
potassium ferrociantdc alone 

1 K 4 r c (CX), =r jKCX a- TcC. a- X., 

PttVMlim 

mule 

but 1- not used comimrmlh Hie hrge quantity of ejamde 
deminded for the extraction of gold from gold quart/ bj the 
Mu \rthur- Forrest prociss (p 213) his led to the discmerj 
of new and cheaper methods When metallic sodium is healed 
with sodium femv \ wide obt lined m the loal-gis manufai turc, 
sodium cianide is formed, anjl the whole of the c\ a nogen is 
obtained as evanide 

Xa 4 I\(CX), + Na_, = CXaCX + I e 

odium 
feiocj anide 

The fused mass is then filtered from the finch -disidcd iron 
Another important method is to piss ammonia gis o\er a 
he itc J or fused mixture of potassium carbon ite and charcoal 

2MI 3 -f K CO. + C aKCX -f 3ILO 

Vhout 10 000 tons of 1 \ mule arc jiroduced annuallv of which 
ibout one-tlurd is used in the Trumaal for gold extraction 

In addition to the applicition of potisstum ind sodium cian- 
idcs to gold extraction these silts arc employed in the prepara- 
tion of solutions of gold and siher for electroplating Hie 
c\ imdes of these metals form soluble double salts with potassium 
ejamde (p 212) The alkali ciamdes are \ery soluble m 
water, and the solutions undergo grulual decomposition The 
action goes on more rapulh on boiling ammonia being ciohed 
and formitcs of the alkalis produced Potassium and sodium 
esamde arc rtachlj decomposed bj the inorganic and organic 

p 2 
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acids (and even by so weak an acid as carbonic acid) giving 
off hydrocyanic acid The smell which potassium cyanide 
emits, when exposed to the air, is attributed to the action of 
carbon dioxide Like hydrocyanic acid, the alkali cvanides are 
strong poisons 

Detection of Hydrocyanic acid and Cyanides — Owing to the 
poisonous character of hydrocyanic acid and the soluble cvanides, 
the detection of the presence of these substances is a matter 
of importance The volatility and peculiar smell of hydrocyanic 
acid render its separation and detection a comparatively simple 
matter If nitric acid is added to a soluble cyanide and warmed, 
hydrocyanic acid is evolved A drop of silver nitrate solution 
on a watch-glass, or glass rod, in contact with the vapour becomes 
turbid from the formation of silver cyanide In the same way 
a drop of ammonium sulphide in contact with hydrocyanic acid 
vapour is converted into ammonium sulphocyanide, NIT 4 CNS_ 
If the liquid is somewhat concentrated by warming and acidified" 
with dilute hydrochloric acid, a blood-red stam is produced on', 
the addition of a drop of feme chloride A common method 
of detecting hydrocyanic acid is to boil the liquid, which 
is first made alkaline with potash, with a few drops of ferrous'i 
sulphate and a drop of ferric chloride solution On acidifying] 
the solution, a precipitate of Prussian blue is formed If the 
cyanide is mixed with other substances which would interfere 
with the reaction it is first separated by distilling the mixture - 
with the addition of a little non-volatile organic acid like tartaric , 
acid The distillate which contains the hydrocyanic acid is*then 
submitted to the above tests 

j The Double cyanides — When a solution of potassium or 
sodium cyanide is added to the solution of a metallic salt, the 
metal (with the exception of the alkalis, alkaline earths, and 
mercury, which form soluble cyanides) is precipitated in the 
form of the insoluble cyanide A further addition of potassium 
cyanide produces a solution of the metallic cyanide A double 
cyanide is formed If a mineral acid is now added to the solution, 
hydrocyanic acid is evolved, and the insoluble cyanide of the 
metal is reprecipitated In the case of siher, the addition of 
potassium cyanide to a solution of silver nitrate produces a 
precipitate of silver cyanide, AgCN, aery similar to siher 
chloride >n appearance, which redissoh es on the further addition 
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of potassium cyanide, with the formation of a double cyanide 
AgCN KCN If nitric- acid is now added, silver cyanide is 
reprecipitatedj and hydrocyanic acid is evolved 

AgCN KCN + HN 0 3 = AgCN + HCN + KN 0 3 

PotiSMum SiU er 

silver cyanide. cj unde 

In the extraction of gold, which occurs m a fine state of 
division m gold-bearing rocks, and m residues or tailings, a \ ery 
dilute solution of potassium or sodium cyanide is used in presence 
of atmospheric oxygen, or other oxidising agent 

4KCN + 2 Au + H ,0 + O = aKAu(CN), + 2KOH 

The gold is then deposited from the solution by electrolysis or 
by the addition of metallic zinc 

2lvAu(CN) 2 + Zn = K,Zn{CN) 4 -f 2Au 

Nearly 2 million ounces of gold are extracted by this process 
annuallv 


There is another class of double cyanides m which the metallic 
cyanide of the hea\ \ metal is not precipitated from solution by 
a mineral acid The formation and properties of this class of 
double cyanides may be illustrated by r the following experiment 


Expt 107 — Make a fresh solution of ferrous sulphate and add 
a strong potassium cyanide solution until there is no further brow n 
precipitate of cyanide of iron , boil and filter if necessary' A 
\eIIow' solution is obtained, which, after cooling, is divided 
mto two portions If dilute hydrochloric acid is added to one 
portion, there is no precipitate of the original cyanide If strong 
hydrochloric acid is added to the second portion, a white precipi- 
tate is thrown down if the solution is not too dilute The yellow 
solution contains potassium ferrocy anide, and the addition of 
strong hydrochloric acid to the second portion precipitates 

hydroferrocyamc acid The reactions w hich occur are ex-pressed 
as follows r 


1 2KCN -f FeSOj = F e (CN)_, + K,S 0 4 

Ferrous cyanide. 

2' Fe(CN), -f 4 KCN = K 4 Fe(CN) 6 

Potassium ferrocyamde. 

3 K 4 Fe(CN) 6 4HCI = H 4 Fe(CN) 6 -j- 4KCI 

H> droferrocyanic 

acid. 
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It therefore appears that m the second class of double cy amdes 
the metallic cyanide forms an integral part of the acid Ilydro- 
fcrrocyanic acid, H 4 Fe(CN)„, contains the acid radical or negative 
ion 1 ferrocyanogen, Fe(CN) G Hydrofcrrocyanic acid is a strong 
acid, and forms a senes of salts, some of which, like the zinc 
(white), copper (red), and ferric (Prussian blue) salts are insoluble, 
and have a characteristic colour They arc obtained by adding 
a solution of a salt of the particular metal to a solution of potas- 
sium ferrocyanide The most important salts arc potassium 
and sodium fcrrocyanidcs 

Potassium ferrocyanide (Yellow prussiate of potash), 
K 4 Fe(CN) 6 +3lIjjO, is the starting-point m the preparation of 
nearly all the cyanogen compounds Potassium ferrocyanide 
was formerly manufactured by fusing in an iron pot nitrogenous 
animal refuse, such as horns, hoofs, blood, leather scraps, etc , 
with potassium carbonate The mass is kept stirred during the 
operation, and, after cooling, is extracted with water On 
evaporation, large tabular yellow crystals of potassium ferro- 
cyanide are deposited A satisfactory explanation of the 
reaction has not yet been offered 

The sodiumsalt is now obtained almost exclusi\ civ from coal gas 
The cyanogen derived from the coal, probably m the form of hydro- 
cyanic acid, is absorbed by alkaline ferrous hydrate before passing 
to the purifiers, and is converted into sodium ferrocyanide 

Na 4 Fe(CN)„ -f ioHLO 

In other gas-w orks the cyanogen passes to the iron oxide of the 
" purifiers,” and is converted into insoluble iron ferrocyanide 
Some thiocyanate is also formed The spent oxide is boiled 
with lime, and the soluble calcium ferrocyanide, "which is 
formed, is extracted and converted into the sodium or potassium 
salt by treatment with an alkaline carbonate 

Reactions of Ferrocyanides — When heated, potassium 
ferrocyanide first loses its water of crystallisation and becomes 
colourless , it then blafckens and fuses, forming potassium 
cyanide and iron carbide (p 211) Feme salts added to a 

1 Vide J Wilker, Introduction to Physical Chemistry , Chap xwi 
(Macmillan) 
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solution of the ferrocjanide gne a precipitate of ferric ferro 
cjanide or Prussian blue . 

re- 4 rrc' CX)J, 

Fe-TK fcrru-~rsn de c- Prus m fee. 


When chlorine is passed into a solution of potassium ferro- 
tw-mide the latter turns a deep red and on eiaporation red 
mstnls of potassium femeyanide, or red prussiate of potash, 
K 3 rc(C\*) f are deposited 

2 K,rc{CN) s - CL = 2 K 3 re{C:N) s -f 2KCI 

P s" ftTrcyn d- 

Fxft 10S — The abo\ e reaction also takes place on the addition 
of bromine \dd bromine Mater in excess to a solution of potas- 
sium fcrrocyamdc and boil off the excess of bromine The solu- 
tion ma\ be c\aporatcd when red crvatils of the femeyamde are 
obtained If a drop of feme chloride is added to the solution of 
the femevanuie no precipitate of Pru^ian blue informed , but the 
solution turns dark brown The addition of a ferrous salt throws 
down a blue precipitate known as Turnbulls blue, or ferrous 
fcmcxanide, I'e ^cfCN)^. 


Potassium femeyanide is occasional^ used m alkaline solu- 
tion as a mild oxidising agent It decomposes the alkali and 
liberates ovicen, forming at the same time potassium ferro- 
(Aimde according to the following eauation 

2K 3 Fc(CX) e -f 2KOH = 2lv,rc(CX) s a- H -0 -f O 

P«“ a "*J"i Pcjws 

fer-ur-i d- 'e-rocya- je. 

t \jicn potassium ferroc\amde 15 heated with moderated, 
UI2BP: mtrir .a eifl an d then ncniraliscd with ca i uUjc- iorki 
Xutiopxusside^ Xa.XOr e(CN') s -f 2H-O crystallises out o n c\apo- 
xation . lh the form of nihv red cn,ginlg — Sodium mtroprusside 
solution ia used as a test for sulphur The sulphur when present 
m the form of a soluble sulphide in alkaline solution produces a 
deep violet coloration on the addition of sodium mtroprusside 
solution 


> 1:xpt *°f —Test for sulphur in organic compounds —Heat a 
✓ ' of cheese with a small piece of sodium in a test-tube 

Wien the bottom of the tube is red-hot, place it m a small beaker of 
w ater, as described m the test for nitrogen lExpt 97, p 19S) niter 
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the liquid and add a few drops of sodium mtroprusside solution 
prepared from the crystals 

Cyanic and Cyanuric acids — Cyanunc acid, C3N 3 0 3 H 3 
+2H2O, is obtained by a variety of reactions, such as heating 
urea (p 222), alone or in presence of chlorine 

3 CON 2 H 4 = c 3 n 3 o 3 h 3 + 3 NH 3 

Urea Cyanunc acid 

6 CON 2 H 4 + 3 C1 2 = 2C 3 N 3 O s H 3 + 4NH 4 C1 + 2HCI + N„ 

or it may be obtained by heating m a sealed tube a solution 
of carbonyl chloride (in an inert solvent like benzene) with 
ammonia 

3 COCI 2 + 3 NH 3 = C 3 N 3 0 3 H 3 + 6HC1 

Cyanuric acid is a very stable substance and dissohes un- 
changed in strong sulphuric acid When distilled and the vapours 
cooled in a freezing mixture, it is converted into liquid cyanic 
acid, CNOH, which is an extremely unstable substance , for, when 
warmed to the ordinary temperature, it polymerises with ex- 
plosive violence, and forms a compound known as cyamelide, 
which undergoes slow transformation into cvanunc acid 

Potassium cyanate, CNOK, is obtained by oxidising potas- 
sium evanide This may be effected bv fusing the cyanide with 
some reducible metallic oxide, like lead or manganese peroxide, 
or by adding permanganate solution to a solution of potassium 
cyanide The use of potassium evanide as a reducing agent 
for metallic oxides depends upon this reaction 

KCN + O = KOCN 

Ammonium Cyanate, CNQ(NIi 4 ) may be prepared by 
bringing together ethereal solutions of ammonia and cyanic 
acid, cooled m a freezing mixture It forms a white crystalline 
powder If the solid (or a solution m water or alcohol) is heated, 
an “ intramolecular ” rearrangement, or change m the positions 
of the atoms, occurs, and the amnjomum cyanate is transformed 
into urea The nature of this change will be seen from the 
equation (p 217) In the preparation of urea from potassium 
cyanate, it is only necessary to add ammonium sulphate to the 
solution of the cyanate m water and evaporate the mixture to 
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dryness The ammonium ex anate, w hich is first formed, is 
therebv concerted into urea, which maj be extracted from the 
dried mass with alcohol The alcohol disso h es the u re a, but 
not the n n «-nc<=i»rn— sii lp hnte The urea crystallises from the 
alcoholic solution 

2CXOK -f (NH 4 )£0 4 = 2 CKO NH 4 -f K 2 S 0 4 

Ammonium 

cyanate. 

CNO NH 4 = CC^NH;), 

Urea. 


Ekpt iio — Preparation of Potassium cyanate and Urea — Heat 
50 grams of pure potassium cyanide m powder m a small iron di sh 
o\er a large Bunsen burner, and^ w ithout w aiting for the cy amde 
to fuse, add g radually 140 grams of red lead The addition of the 
red lead produces sufficient heat to melt the contents of the dish 
When the red lead has been added, and the mixture fuses quietly 
without effen, escence, pour it out on to a cold slab or iron tray 


4KCN -J- Pb 3 0 4 = 4CNOK -f 3Pb 


Powder the mass, when cold, and separate the potassium 
emanate from lead and other impurities by leaving the mass m 
contact with about 200 c c of water for an hour The solution 
now contains the potassium c\ anate Tilter, and add to the 
filtrate 50 grams of ammonium sulphate dissoh ed in water, and 
e\ aporate the mixture to dryness on the water-bath Boil 
with about 50 cc of methylated spirit on the water-bath, and 
filter mto a crystallising dish Long prismatic crystals of urea 
deposit on cooling 

Mercury fulminate, CaX.O-Hg+iHnO, is formed b> the 
action of alcohol on a solution of mercuric nitrate m nitric acid 
Its structure is represented as the mercurj salt of carbj loxime, 
and it is therefore isomeric with mercury cj anate * 

(C XO),Hg 

Mercun. fulminate. 

Esters of the Cyanogen acids — II) drocj amc, c>amc, 
and examine acids form a senes of esters Each acid howexer, 
gives nse to, not one, but two isomenc esters, the existence of 
which is accounted for by differences of structure, which will 
be presently discussed 

Nomenclature of the Cyanogen esters —It will be con- 
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venient to give at once the names and structural formula: of 
the scries of esters abo\c referred to, taking the methyl esters 
by way of illustration From hydrocyanic acid arc derived 
methyl cyanide and methyl isocyanide 

As the alkyl cyanides, like hydrocyanic acid itself, arc qon- 
verted on hydrolysis into the fatty acids (p 2x0), they are 
sometimes designated as the nitriles of the corresponding 
acids 

Hydrocyanic acid is the nitrile of formic acid, methyl cyanide 
of acetic acid, ethyl cyanide of propionic acid, etc 


H 

I 

C N 

II>droRen cyanide, or 
Formomtnlc 


ch 3 

C N 

Mctlij I cj amdc, or 
Acctomtiile 


c 2 h 5 

C N 

Fthjl cyimclc or 
Fropi^nitrilc 


The alkyl isocyanides, which arc converted into alkylanunes 
on hydrolysis, are also termed alkyl carbamines, or carbylammes 
Methyl isocyanide is also known as methyl carbamme 


CH 3 

NC 

Meilijl i«oc)imdc or Mcth>l carlnmine 


From cyanic acid are derived methyl cyanate and isocyanate 


or carbimide 

HOCN 


CH 3 
OC N 


CH 3 

I 

NCO 


Cjanic acid 


Melhjl cj anatc Mcth> I isocj -mate 

Meth) I carbimide 


From cyanuric acid, in the same way, methyl cy r anurate and 
isocyanuratc arc derived, to which the following structural 
formulae have been assigned 

C{OCH 3 ) CO 

(CH 3 )N| /X j N(CH 3 ) 

rJ 


H 3 o 3 c 3 N 3 

Cyanuric acid 


(CH 3 0)Cl! JC(OCH 3 ) 


QCl^CO 
N(CH 3 ) 

Methyl iiocj inuntc 

Attention is directed to the fact that all the iso-esters contain 
the carbon of the alkyl group linked to nitrogen 


N 

Meth > I cjinurate 
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The Alkyl cyanides or Nitriles — Certain methods of 
preparation of the cx mules ha\ c alread) been described 1 lie 
ulkjl r\amdcs max be obtained bj the action of potassium cyanide 
m aqueous- ilcohol ic solution upon the alkxl iodide (p 78) 

CH a I+KCN=CH 3 CN+KI, 

or b\ distilling the amides with phosphorus pento\idc (p 19S) 

The lower members of the series are colourless liquids with a 
strong but not unpleasant smell They arc soluble to some 
extent m water The higher members arc less soluble in xxutcr, 
and arc solid, crystalline substances 

The most important characteristics of the alky 1 cyanides arc 
* their rapid conversion into fattx acids on by droly sis w ith mineral 
acids or alkalis, and their reduction to the corresponding amine 
b\ the action of sodium on the alcoholic solution of the cyanide 
Methyl exanide is conxertcd into cthxlammc m the same x\ay 
that hydrocyanic acid is reduced to mcthyhmmc (p 211): 

CII,C N+2lI 2 =CH 3 CH.NIk 

1 tUjUmmt 

I lie formation of acids and amines from the cy amdes clearly 
indicates that the carbon of the cyanogen group is dnectly linked 
to the carbon of the alky 1 group 

The Alkyl isocyanides, or Carbamines, arc isomeric with 
the cyanides Thcx’ arc formed by the action of chloroform and 
ilcohohc potash on the primary amines (p 203) 

Methxl isoexanide is prepared b\ distilling a mixture of 
methxhminc chloroform, and alcoholic potash " 

CH 3 N H. +ClICl 3 -f 3KOII =C 1 I 3 NC+ 3KCl-b3ll a O 

Mitlijl 
kocj midc 

The isocvamdcs are liquids with an intolerable smell They 
are hydrolysed by hydrochloric acid into an amine and formiq 
acid, the reaction probably occurring in txvo stages 

CH 3 NC+H.O=CII 3 NH Clio 

Metlijl forimmide 

- CH 0 NH CHOJ-H.O=CH 3 NH 2 +CH„O s 

Mcthjhmmc 1 ormic ncid 
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This reaction also indicates the attachment of the alkyl group 
to nitrogen and thus determines the structure of the isocyanides 

The Alkyl isocyanates (Carbimides) were originally 
prepared by Wurtz (1854) by distilling an alkyl potassium 
sulphate with potassium cyanate 

CH 3 OS0 3 K+KNCO=CH 3 N CO+K„S0 4 

Potassium methj 1 Methyl 

sulphate. isocy mate 

A more convenient method is to heat a mixture of silver 
cyanate and -alkyl iodide 

CHjI + AgNCO = CH 3 N CO + Agl 

The isocyanic esters are volatile liquids with a powerful and 
suffocating odour Like the cyanic esters, they polymerise on 
standing, forming isocyanuric esters The most interesting 
property of the isocyanic esters is their conversion into amines 
on boiling with alkalis (p 200) . 

CH 3 N CO + H a O = CH 3 NH 2 + CO. 

Methyl isocyanate. Methylamme 

The Mustard oils, or Alkyl isothiocyanates, so called from 
the fact that black mustard seed contains one of' these compounds 
in the form of a glucoside (p 209), are most easily obtained 
by the action of carbon disulphide on the primary amines The 
compound first formed is the alkylamme salt of an alkjl thio- 
carbamate 

' /NHCH 3 

CS. + 2NH 2 CH 3 = CS< 

^SH NH. CH 3 

Methyhminc methjl thiocarbarmtc 

If this compound is now treated with mercuric chloride, 
hydrogen sulphide is removed, and the thiocarbamate splits up 
into the mustard' oil and primary amine 

/NHCHj 

sc< , =sc nch 3 +nh. ch 3 +h.s 

X SH NH. CH 3 

Meth)l mustird oil 

The above reaction is occasionally used as a test for primary 
amines (p 202) 
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Carbonyl Chloride — Carbonyl (blonde or phosgene, which is 
oht lined be the direct union of c irbon monoxide and chlorine 
m presence of 1 entihst (charcoal), Ins the properties of an aeid 
chloride and m is be regarded as the aeid rldonde of carbonic 
lnd flic gas fumes m moist air, decomposing into hydrochloric 
acid and carbon dioxide 

.U II OH 

OC< -f = CO. + 2IICI -f H.O 

Vi non 


It is aho decomposed by alcohol, and gists ehloroformic ester 
iccordmy to the following equation 


OC 


< C1 

\Cl 


4-HOC.II, 


nr/ 


Cl 


OCt 

X OC.II 5 

Chi ■ufu-imc 
ettir 


4~HC1 


Urethane, Ethyl carbamate, NIL CO OCJI s , is the product 
formed by the action of immonn on chloroformic ester, ind is 
used ns a by pnotie 

4- II NIL .NIL 

-f NII 3 - OC< ' a- NH 4 Cl 

all- X>C s H b 

UrttKitK 

A \ ariety of simihr hypnotics arc produced by replacing the 
amino-group with substituted ammo-group-, ethoxy -groups and 
by other alkoxy -radicals Hcdonal, NIL CO.CJl,,, is an 
example ITedonal is also used as an anicsthctu * 

Urethane is the ethy 1 ester of c irb time aud The acid itself is 
unknown in the free suite, but the ammonium salt is a common 
constituent of common id ammonium tarhointc Ammonium 
carbamate is reidily obtained by pissing c irbon dioxide into 
an alcoholic solution of ammonia 

.NIL 

aNH 3 4- CO. = OC< ■ 

x o\n 4 

Expt m— Pm ammonia gas into ethyl alcohol until the 
alcohol is saturated, then bubble carbon dioxide through the liqmd 
Ammonium carbamate is precipitated m the form of a yylntc 
crvsLalhne powder 
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Urea, Carbamide, CO(NIT 2 ) 2 — When am monia js -^idd ed to 
car bonyl chloride, j .i£ca-i.s-fonn.ed , just as acetamide is obtained 
when ammonia acts upon acety 1 chloride (p 63) 


CH 3 CO Cl + HNH, + NH S = CH 3 CONH. + NH 4 C1 

Acetamide 


/Cl HNH, 
CO( + 

X C 1 HNH 2 


/NH» 

+ 2NH 3 = OC< ‘ + 2NH.CI 

\nh„ 

Urea 


This rea ction determines the^ constitution of urea, as the amide 
of carbonic acfd *Hence the name carbonic amide, or sliortlv 
carbamide, which is synonymous with urea 
That the substance is an amide is further seen from its behaviour 
with boding c austic alkalis, which de compose it i nto ammonia 
and a salt of carbonic acid (p 198) ’ 

- - r 1 

+ 2NaOH = Na 2 C 0 3 + 2NH3 


oc \ 


NH 2 

NH„ 


lhe presence of amino-groups is also shown _by__the action .of, 
nitrous- acid) which l iber ates nitrogen , _at t he sam e ti me carbon 
dioxide is evohed 


HO 


CO 


+ 

/ 

\ 


NO 

NH; 

nh’ 


+ 

HO NO 


C 0 2 -f lh^ ~h 2N 2 -j- 2H0O 


Expt 1 12 — Add to a solution of urea in water a little sodium 
nitrite solution and a feu drops of hydrochloric acid Effer ; 
vescence occurs and nitrogen and carbon dioxide aic e\ oh ed 

The usual method for obtaining -urea has already been de- 
scribed (p 216) Jt^i s_a -colou rl ess s ubstance with crystallises 
in long prisms melting at 132 0 It is very soluble in water 
an d in 3 Tof-aIcohoK^~*'When~Iieated, it decomposes' into ammorjia, 
biuret and cya nunc acid'Tn ’ 216J ' ' ** 

The chief interest attaching to urea is its presence in normal 
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hum an urine, about 30 grams being excreted daily Urea 
may' be regarded" as~f lie “final decomposition product of the 
waste nitrogenous materials of the body It is obtained from 
unne by concentration and extraction with alcohol, which 
dissolves out the urea The alcoholic extract is allowed to 
evaporate and the urea then crystallises 

When urine is exposed to the air, fermentation sets in, the 
urea“l 5 efng converte d "fijT the '’enzyme, urease , into a mmonium 
carbonate 

CO(NH.), + 2 H.O = (NH 4 ) 2 C0 3 

Detection and estimation of Urea — The presence of urea may 
be detected by a variety of reactions, which are described in the 
following experiments — 

Expt 1 13 — 1 Heat a few crystals of urea ovci a very small 
flame until they melt~and "slowly evolve bubbles of ammoma gas 
ContinueTto heat for a min ute or two,' then' cool and adcl a few 
d rops 'dTwatei ^a'arop'tn IwcToTcopper” sulphate solution, and 
flnally.caustic-soda-solution,jmtil a*cleaFsblutfdn'is a obtained 
violet, or pmk solution is produced, which is a compound of biuret 
with copper The formation "of biuret from urea takes place 
according to the follow ing equation 


NH a CO NHH + NH 2 CO NH„ = NH 2 CO NH CO NH 2 + NH 3 

Urea Urea. Biuret 

Two molecules of urea combine with the elimination of one mole- 
cule of ammonia 

2 Ad £ to a sol “tl9 n S[ u £ e ?. a fcw' drops of a neutral solution of. 
nje^ricjnlrate "A ,wjule, curdy precipitate 'Is" thrown down,” 
“tOuch is a basic compound oTmerC"unc nitrate anduirea~" 


tCO(NH 2 ) 2 ] 2 Hg(N0 3 ), 3 HgO 


3 a str ong solution of urea in w>ater a few drops of 

slr ° n g nitric acid, and to another portion a strong solution.. of 
oxalic acid " In one case urea nitr ate and, in the other; urea oxalate 
1S Prccfff tated m crystals w lucTiTiave’ a^charactenstic appearance 
Trailer the microscope 1 - -> - - 


CO(NHj), HN0 3 

Urea nitrate 


[C0(NH 2 ) 2 ] 2 C 2 H 2 0 4 + h 2 o 

Urea oxalate 


', 4 absolution of urea a few drops of an alkaline solution 

or hypobromife EHeFveicencToccurs, 
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and frge-tn trogeiu s_evolve d , the alkali retaining the carbon dioxide 
w I nch is liberated at the samjrtime. 


H 2 N— 

+ 

Na O Cl 


CO — 

+ 

Na O Cl 


NHj 

+ 

Na O Cl 


3NaCl -j- 2 H 2 0 -j- C 0 2 -|- N 2 


Estimation of Urea — This reaction is utilised for the 
quantitative estimation of urea in urine It may be performed 

by the aid of Lunge’s nitrometer (Fig 56) 
or other convenient apparatus A solu- 
tion of sodium hypobromite is prepared 
by dissolving 100 grams of caustic soda 
in 250 c c of water and adding 25 c c of 
bromine 

25 c c of this solution are introduced 
ifitotlie flask a, together with a small 
tube containing 5 c c of urine The 
graduated vessel, b, is filled with water 
by raising the reservoir, c The pressure 
in the flask is adjusted by turning the 
three-way tap, d, so that the vessel is for a 
moment in communication with the air 
The tap is then turned so that a connec- 
tion is made between the flask and the 
graduated tube, and the small tube 
containing the urine is then allowed to 
drop into the hypobromite solution 
Nitrogen is evolved, and the liquid in b 
descends When gas ceases to be 

evolved, the pressure m the graduated 
tube is adjusted by means of the 
reservoir, and the \ olume of gas is read 
off The volume of gas corresponding to 
the urea~present-is~~alwavs about 7 per 
c 5 nt~~UeloV v't]ie~^li eoretIcal amount, and a 
correction to,tlii5. gxtent mustHSejntrodu cgd" "*TrTanalysmg urine 
if is . cus tomary to estimate, in addition to the* urea,~the total 

nitrogen^by^eldalirs'rnethocTXp 239) c — " 



Fig 56 — Lunges Nitrometer 
for the estimation of urea 
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QUESTIONS ON CHAPTER XVII 


1 How is cj anogen most easily prepared ? Compare cyanogen 
and chlorine 


2 What products are obtained by the hydrolysis of cyanogen, 
hydrocyanic acid, methyl c>amde, methyl isocyanide, and methyl 
isocyanate ? What reagent is required in each case ? 

3 Describe a method for preparing potassium cyanide and 
sodium cyanide In what manner has atmospheric nitrogen 
been utilised in the preparation of cyanides ? 

4 How is hydrocyanic acid detected ? Describe a quantitative 
method for anal} sing potassium cyanide 

5 What is meant by a double cyanide ? How may the two 
classes of double cyanides be distinguished ? 

6 How is yellow prussiate of potash con\erted into the red 

prussiate, and vice veisa ? " 

7. Describe and explain the formation of urea from potassium 
cyanide 

8 How may the following compounds be obtained from 
potassium ferrocyamde carbon monoxide, hydrocyanic acid, 
potassium cyanide, hydroferrocyamc acid, and cyanogen ? 

9 W hat is meant by the term mustard oil ? How are the 
mustard oils obtained ? 


10 Discuss the structure of isomeric compounds of the formula 
C„H S N (c\ amde and isocyanide) 


11 Give an account of the preparation and properties of 
cj anogen gas Why is cyanogen considered to be analogous to 
chlorine and in what respects does it differ from chlorine ? 

12 Hour is potassium ferrocyamde manufactured ’ How 
would 5011 prepare from potassium ferrocyamde la) a dilute 
solution of prussic acid, ( b ) urea, (c) carbon monoxide ? 


13 How do you account for the different action of strong and 
dilute sulphuric acid on potassium ferrocyamde ? 

M . Starting from mercury and potassium ferrocyamde how 
would you prepare mercuric cyanide ? Describe its properties 
<uiq compare them with those of potassium cyanide 

15 Describe the mode of preparation and properties of cyanic 

“tatanXT 10 - P ° mt 0 "‘ ‘ he relaton the 


Ex P.l ai d by examples the isomensm of carbimides and 
mtnles How is each class of bodies prepared ? How can the 
formulas ascribed to each be pro\ ed to be correct ? 11 

Cohen ^ Cl BL Org Chem 
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17 What is a nitule ? How can it be obtained from an 
ammonium salt, and what transformation does it undergo when 

, hydrolysed and when reduced by nascent hydrogen ? 

18 Why is urea called carbamide ? Mention two experiments 
which support this view of its constitution Calculate the quan- 
tity of urea in a specimen which gave the following results on 
analysis o 0884 gram ga\ e 32 8 c c of moist nitrogen at 19 0 and 
753 mm 

19 How would you proceed in order to prepare urea from (1) 
cai bon monoxide (2) potassium cyanide ? Explain the changes 
winch are induced by (1) heat, {2) nitrous acid, (3) aqueous alkalis 
(4) nitric acid 

20 How' is urea identified ? What volume of nitrogen 
measured at 15 0 and 740 mm should be evolved from o 5 gram 
of urea ? 
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The ureides are compounds of urea with acids and belong to 
the class of amides The ureidc of oxalic acid or o\al\l urea 
maj be compared with oxamide 


oc nh 2 

OC NH , 

Amide of Oxalic ncid, 
or Oximide 


OC NH 

I / CO 

OCNH 

Ureide of Oxalir acid, 

Q\ d\l urea, or Parabann acid 


\ large number of ureides of the dibasic acids are known, of 
w Inch the follow mg are examples 


NH-CO 

I I 

CO CHo 

I I 

NH-CO 

Malonjl urea, or 
li-irbitunc acid 


NH-CO 

I I 

CO CO 

i I 

NH— CO 

Wesovaljl urea, or 
Alloxan 


Certain derivatives of malonyl urea lia\e received important 
applications m medicine 

Veronal, the diethyl derivatu e is a valuable hypnotic 


OC 


✓NH— CO^ 
^NH— CO^ 

Veronal 


C(C 2 H 5 ), 


The dipropi 1 derivative, or propional, is used for the same 
purpose 
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The most important of the more complex ureides, known as 
diureides, is uric acid 

Uric acid, C 5 H4N 4 0 3 — The composition of chalk stones 
and unnarj calculi attracted the attention of physicians and 
alchemists at a very early period, and they speculated freelj on 
their origin, submitting them to the usual process of dry dis- 
tillation without eliciting much information It is interesting to 
learn that Paracelsus looked upon them as deposits originating 
in the same manner as the lees, or tartar of wine The dis- 
covery of uric acid, or, as it was then termed, lithic acid, m 
urinarj concretions is due to Scheele, who in 1776 isolated the 
acid and observed the red colour which it produces with mtnc 
acid on evaporation Prout subsequently noticed the change to 
violet which ammonia produces, now known as the murexide 
test It is the principal test for unc acid 

Expt 1 14 — Test for Uric acid — Evaporate a minute quantity 
of uric acid with a few drops of dilute nitric acid to dryness on 
the water-bath, then add to the red residue, when cold, a few 
drops of ammonia A deep violet coloration is produced 

Unc acid is the chief constituent of the excreta of birds and 
reptiles The excrement of snakes is nearly pure ammonium 
urate, C 5 H 3 N 4 O f (NH 4 ) Guano contains a considerable quantity 
of uric acid together with guanine, which will be described later 
The amount excreted b> mammals is very small, not more than 
o 2-1 gram being found in human unne in 24 hours It is 
usually present m the urine as the acid ammonium salt , in the 
blood and calculi of gouty patients as the acid sodium salt, 
C d H 3 N 4 0 3 Na It is precipitated from urine by adding 2 to 3 
per cent of strong hydrochloric acid and allowing the liquid to 
stand for a few days Uric acid is usually obtained from snakes’ 
or fowls’ excrement or from guano The material is boiled with 
caustic soda or potash until ammonia ceases to be evolved The 
unc acid dissolves as the sodium salt, and the liquid is then 
filtered and the unc acid precipitated by the addition of a mineral 
acid 

Unc acid and the urates have a characteristic crystalline 
appearance, which is readily recognised under the microscope 
Uric acid is very slightly soluble m water, but dissol\ es in caustic 
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alkalis and in strong sulphuric acid without decomposition, 
It decomposes on dry distillation, without fusion, into ammonia 
cj anunc acid, and urea On oxidation it breaks up into urea 
and alloxan 

The following structural formula has, for various reasons 
been adopted 

NH-CO 


CO C— NH 



NH— C- NH . 


formula of Uric acid 

Xanthine, is common to the \egctable and animal 

kingdom It is present in extract of meat, in lupine seedlings, 
in malt, and in tea It is closely related to unc acid , for though 
it contains one atom of oxygen less than uric acid, it yields the 
same products on oxidation, viz alloxan and urea It has 
therefore received the following structural formula 

NH-CO 

I ! 

CO C-NH 

I I > CH 

NH— C-N 

Xanilmic 

Guanine, C,H 5 N 5 0, is obtained from guano by first extracting 
with boiling milk of lime 'I he residue is then heated with 
sodium carbonate, which dissohes the guamne After precipita- 
tion with acetic acid, the guanine is purified by crystallising the 
hydrochloride from hot, dilute hydrochloric acid On oxidation 
it yields guanidine, IIN C(XII.) 2 , and parabanic acid With 
riitrous acid it is converted into xanthine 


NH— CO 


HN=C C-NH 


✓ 

NH-C-N 

Guamne 


CI-I 
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Theobromine, Dimethylxanthme, CjHgNjCL, is present m 
cocoa beans ( Tlieobroma cacao) to the extent of 1-2 per cent It 
has been sj nthesised from xanthme bv acting with methyl iodide 
on the silver compound of xanthine 

Caffeine, Theme, Tnmethylxanthme, C 8 H 10 N 4 O s , is present 
in coffee and tea Coffee beans contain about.i per cent , tea 
leaves from 1 5 to 2 5, or sometimes 3 per cent of caffeine It 
is readily prepared from tea 

Expt 1 15 — Preparation of Caffeine from Tea — Digest 100 
grams of tea with 500 c c of boiling water for a quarter of 
an' hour, and filter through cloth into a basin placed over a 
ling burner, so that the liquid m the filter is kept hot 
Moderately fine unsized cotton cloth is used, and is wetted and 
stretched on a wooden frame Wash with a further 250 c c 
of boiling water Add to the filtrate a solution of basic lead 
acetate (made by boiling acetate of lead solution with excess of 
litharge, and then filtering) until no more precipitate is formed 
Filter hot through a large fluted filter from precipitated protein, 
and wash with water To the boiling filtrate add dilute sul- 
phuric acid until the lead is precipitated as sulphate Filter or 
decant from the sulphate of lead, and concentrate the solution 
with the addition of animal charcoal to 250-300 c c Filter and 
extract the filtrate three times with small quantities (50 c c ) of 
chloroform Distil off the chloroform on the water-bath, and 
dissolve the residue in a small quantity of hot water On allowing, 
the solution to evaporate very slowly, long silky needles of caffeine 
sepai ate, which ma,y have a slightly yellow tint, in which case they 
should be drained, re-dissolved in water, and boiled with the 
addition of animal charcoal The needles contain one molecule of 
watei, which they lose at ioo°, and melt at 234 5 0 The yield is 
about 1 5 grams 

Caffeine lias been synthesised from theobromine b\ forming 
the silver compound of the latter and acting upon it with meth\l 
iodide In this way a third methyl group is introduced into 
xanthine The following are the structural formula; of theo- 
bromine and caffeine 


NH-CO 

1 i 


(CH 3 )N 

I 

1 1 

CO C— N(CH 3 ) 


1 

CO 1 

| 1 >CH 


1 

(CHglN C-N 


(CH 3 )N 


CO 


•N(<£ILj) 
>CH 
C-N 


Theobromine 
(Dimeth) 1 xanthine ) 


Caffeine 

(Trimeth)l xanthine ) 
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QUESTIONS ON CHAPrER XVIII 

L Explain and illustrate by examples the meaning of the term 
tireidc 

2 How do 5 ou obtain pure unc acid ? What is the action of 
nitnc acid upon unc acid 5 

3. Give the graphic formula for unc acid, and show how, by 1 
oxidation with nitnc acid, it j lelds alloxan and urea 

4. V hat is the nature of the bodies included in the uric acid 
group ? Give a short sketch of the more important of these 

5. How is caffeine usually obtained 5 Descnbe its preparation 

6 How do ou account for the acid properties of unc acid ? 

7. Explain the relations of xanthine, theobromine, and caffeine 


CHAPTER XIX 


THE AMINO-ACIDS AND THF PROTEINS 

The Amino acids derive their interest from their occurrence 
among the decomposition products of albuminoid substances 
or proteins (p 235) The amino-derivatives of the fatty acids 
are acids m which one atom of hydrogen of the alkyl group 
is replaced by the ammo (NH 2 ) group They are consequently 
both amines and acids, the result being that they are neutral 
substances 

They are formed, as already explained, b\ the action of ammonia - 
on the halogen derivatives of the fattv acids 

Glycine, Glycocoll, Ammo-acetic acid, CH S (XH 2 ) CO OH — 
This compound was originally prepared by r boiling gelatine or 
glue with dilute sulphuric or hydrochloric acid, or caustic soda 
It crystallises in large, four-sided prisms which have a sweet 
taste Hence, it received the name of glycocoll (yXwcvs, sweet , 
KoWa, glue) or gelatine-sugar It is most conveniently prepared 
by mixing chloracctic acid and ammonia solution 

CH,C 1 CH,fNH.) 

| ‘ + 3 NH s = | ' + XH 4 C 1 

CO OH CO OXH 4 

Chloracctic icid Gljcire ammonia 

Expt i 16 — Preparation of Glycine — Pour 600 c c of ammonia 
(sp gr o 907) into a wide-necked flask and slowly run in from a 
tap-funnel, whilst stirring, 50 grams of chloracetic acid dissolved in 
50 c c of water A mechanical stirrer is convenient for this pur- 
pose Allow the solution to stand overnight, pour into a basin and 
then drive off the excess of ammoma by a current of steam whilst 
evaporating on the water-bath When the ammonia has disap- 
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peared add copper carbonate in powder to the hot liquid until 
effervescence ceases Filter and evaporate the blue solution until 
crystals of copper salt begin to separate Cool and filter the blue 
needles of copper glycine Evaporate the mother liquid to obtain 
a further quantity Dissolve the copper salt in water and pass into 
the hot solution a current of hydrogen sulphide Filter from the 
copper sulphide and evaporate the filtrate to a small bulk on the 
water-bath The liquid left in a vacuum desiccator over sulphuric 
acid deposits colourless crystals of glycine 


Glycine exhibits the property of a primary amine in its 
behauour with nitrous acid The ammo-group is replaced by 
hydroxyl, nitrogen is evolved, and glycollic acid is formed 


CH,NH„ 

I ‘ ' 

COOH 


+ HNO. = 


CH 2 (OH) 

| + N. + H „0 

COOH 


It differs from an amide inasmuch as it does not c\ oh e ammonia 
when heated with a solution of caustic soda 


Derivatives of Glycine — Hippuric Acid, or benzoyl glycine, 
is glycine in which a hydrogen atom of the ammo-group is replaced 
by the aromatic acid radical benzoyl (p 294) The formula of 
hippuric acid is 

CH; NH(CO C 6 H s ) 


COOH 


Hippuric icid, or 
Benrojl rIjciuc 


It is found m the urine of herbivorous animals, and crystallises 
in long, white prisms, which readily decompose on boiling with 
strong hydrochloric acid into benzoic acid and glvcine 


CH„ NH 
COOH 


CO C 6 H 5 CH, NH; 
+ = | 

H OH CO OH 


+C 6 H 6 CO OH 

Benroic icid 


1 JI 7 BojI a * ew cr y stals of hippuric acid with strong 

hydrochloric acid Cool and filter off the crystals of benzoic acid 
add a slight excess of ammonia to the filtrate, and boil until the 
solution is neutral and the excess of ammonia driven off The 

°[ a f f w J drops of co PP er sulphate solution will produce 
the characteristic deep blue colour of copper glycine 
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Sarcosme, Methyl glycine, (CH 3 NH)CH 2 C0 2 II, is obtained by 
boiling creatine (see below) with baryta solution It may be 
prepared synthetically by the action of methylamine on chlor- 
acetic acid 

CH, Cl + H NHCH 3 CH, NHCH 3 
| ‘ = l +HC1 

CO.H CO.H 

Creatine, Methylguanidme acetic acid, C 4 H 0 N 3 O 2 , is present in 
small quantity in the juice of meat together with sarcolactic acid 
It is readily obtained by precipitating the albumin from meat 
extract with basic lead acetate The liquid is filtered and the 
lead removed with hydrogen sulphide On concentrating the 
filtrate on the water-bath, a brown, viscid liquid remains, from 
which, on cooling, creatine crystallises m long prisms When 
boiled with baryta water creatine is hydrolysed, and yields uiea 
and sarcosme 

Nil, 

I ‘ 

HN C — N(CH,) CH Z CO,H=CO(N'H 2 ) 2 +(CH a )HN CH, CO,H 

Creatine Urea Sv cosine 

+ HO H 

Creatinine, C 4 H 7 N 3 0, is the anhydride of creatine 

HN C-N(CH 3 ) CH, 

1 I 

NH CO 

Creitininc 

It is a noimal constituent of urine, but the quantitj is usually 
a ery small It cr\ stalhses in colourless prisms, having a charac- 
teristic, lenticular form 

Among the better-known amino-acids, found among the 
decomposition products of piotcms, are Alanine, or a-amino- 
propionic acid, CH 3 CII(NII,) CO a II, a product of the decom- 
position of silk, and Leucine, or a-ammo-isobut) 1 acetic acid, 
(CH 3 ), CH CH, CII(NH,) CO OH, which is obtained together 
with glycine and 'other substances, by the decomposition of 
gelatine, glue, and other proteins by boiling them with 
mineral acids or caustic alkalis Leucine is also formed during 
t he digestion of proteins by tnpsm an cn/\ me derived from 
the pancreas . 

Asparagine, Ammosuccmamide, C0 2 H CfI(\II 2 ) CII 2 CO(MI 2 ), 
receives its name from ha\mg been first found m asparagus ( 1805 ) 
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but it is \er> widely distributed in the \ egetable kingdom, and 
is present in the parts of the plant which afford a store of reserve 
material, such as bulbs, tubers, and seedlings The dried seed- 
lings of lupines contain 20-30 per cent of asparagine It yields 
aspartic acid on hydrolysis with caustic potash solution 

CH(NHj.) COoH 

CH a CO NH» 

+ H O 'H 

Asparagine 

Aspartic Acid, Ammosuccmic acid, CO«H CH(NH a ) CH« C 0 2 H, 
occurs m beet-root molasses, and is formed from proteins 
b\ the action of mineral acids It is converted into malic 
acid by the action of nitrous acid The reaction resembles 
the con\ersion of a primary annne into an alcohol, or of glycine 
into glycollic acid (p 233) 


CH(NH 2 ) CO.H 

1 ‘ 
CHj CO,H 

Aspartic acid 


THE PROTEINS 

The term albumin or protein is gi\en to certain colourless, 
amorphous substances composing the solid constituents of 
animal tissues, plant cells, and other products of animal and 
plant life They are identified by certain reactions, which, 
however are probabl} due to certain groups present m the 
molecule rather than to the molecule as a whole It is certain 
that man\ of the substances giung the reactions \arj much in 
complexity, as w ell as in chemical beha\ lour 

Reactions of the Proteins, — 1 A solution of mercury m 
excess of nitric acid (Millon s reagent), added to a protein, gn es 
a precipitate which turns red on heating 

2 A few drops of copper sulphate and an excess of caustic 
soda produce a \10let colour, which becomes deeper in tint on 
boiling the solution (biuret reaction) 

3 A violet coloration is produced bv adding a few drops of 
gh oxalic acid (p 175) and strong sulphuric acid (Adamkiewicz’s 
reaction) 

Composition of the Proteins — The percentage composition 
of the proteins \anes \ery little The following represents the 
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minimum and maximum amounts in parts per hundred, found in 
different proteins 


C 

II 

N 

O 

S 


50 —55 
6 9—73 
is -19 
19 —24 
03—24 


Although egg- and scrum-albumm ha\ e been prepared in the 
crystalline form, from which it mav be concluded that they are 
single substances, no trustworthy information as to the molecular 
weight is at present forthcoming There is no doubt that even 
the simplest of the proteins consist of highly complex molecules 
about the structure of which little is known They may be 
compared with the polysaccharose group of carbohydrates, 
which possess a complex structure and high molecular weight 
but readily break up into fragments of comparatively simple 
constitution These simple constituents of the proteins, which 
are produced by the action of acids and alkalis, are, for the 
most part, amino-acids, glvcme (p 232), alanine (p 234), 
leucine (p 234), aspartic acid (p 235), and the guanidine acids, 
like creatine (p 234) and arginine, or guanidine a-ammovaleric 
acid 

NH. 

HN C— Nil CH, CH 2 CH 2 CH(NH 2 ) CO s H 

Arginine 

The latter substance is one of the first products of decom- 
position of the simplest proteins, or protamines, found m the 
spermatozoa (milt) of fishes Among the more complex con- 
stituents of the protein molecule composing the nucleusj(nuclun) 
of cells are xanthine and guanine and other closel) -related 
ureides A few aromatic compounds also occur among the pro- 
ducts of decomposition of proteins 
It is found convenient to divide the proteins into groups, 
according to certain differences in phjsical and chemical pro- 
perties, but the line of demarcation is not sharp, and the classi- 
fications of different authors % ary Some proteins known as 
native albumins, such as egg- and serum-albumm ~are soluble 
in w'ater and are coagulated bj heat , others the globulins, like 
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nnosin of muscle and fibrinogen of blood, are insoluble m water, 
but soluble m saline and dilute acid and alkaline solutions The 
derived albumins or albuminates, such as casein of milk and 
substances obtained by the action of acids or alkalis on native 
albumins and globulins, are soluble in acids and alkalis, but 
insoluble in water The proteoses and peptones are extremely 
soluble m water, m acids, and in alkalis, and are not coagulated 
on heating The) are formed by the action of digestive enzymes, 
pepsin or tnpsin, on the other proteids, and probably represent 
simpler molecular complexes, corresponding to the dextnns 
formed in the disintegration of starch 
Albuminoid, substances — In addition to the abo\ e com- 
pounds, there exists a group of amorphous nitrogenous substances 
resembling the proteins in many of their properties, but differing 
more wadely among themseh es than the proteins They are in- 
cluded with the former in the general term albuminoid substances 
Such substances are mucm, which gives the ropy consistency 
to many animal secretions , gelatine or glutm, which is obtained 
from connective-tissue, etc , keratin, of which hair, nails, horn, 
etc , are cluefl) composed , and chitin, which is present in the 
hard covering of invertebrates such as crabs and lobsters 


Gelatine, or glue, is obtained from bones by dissolving out the 
inorganic mattei (calcium phosphate, etc ) with dilute In dro- 
chlonc acid, and heating the elastic mass — which retains the 
shape of the bone — with water or with water under pressure 
The substance is dissolved, and, on cooling, solidifies to a jellv 
Skins heated with water also produce gelatine Gelatine does 
not gn e all the reactions for proteins, but yields much the same 
products on hydrolysis with acids and alkalis, and by the action 
of the digestive ferments It forms an insoluble compound 
with tannin, a property which is utilised m the production of 
leather (p 300) When mixed with potassium dichromate 
and exposed to light, gelatine becomes insoluble m water A 
number of photographic processes depend upon this propertv 
it ig also rendered insoluble by formaldehyde (p 72) 

The quantitative estimation of Nitrogen —There are 
two principal methods for estimating nitrogen, one is known 
as Dumas and the other as Kjeldahl’s method 
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Dumas method — The substnnee is burnt with copper oxide, 
ns jn an ordinarv combustion, but m an atmosphere of carbon 
dioxide, and the free nitrogen is collected o\er cuistic potash m 
a graduated cslindcr Jhe combustion tube is filled, as shown m 
Fig 5 6 > ««th a roll of copper gauze, then with coarse oxide of 
copper, fine oxide of copper mixed with the weighed substance 
and finallv with a little more coarse oxide The object of the 
copper roll is to reduce the oxides of nitrogen which might be 
formed and would then be absorbed b\ the potash solution The 
tube is placed in a combustion furnace and attached to a Srhtf/ c 
azotometer, shown in Fig 57, for collecting the nitrogen Flif 
tube is first filled with drj carbon dioxide so that all the air is 
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expelled and a slow current of the gas is maintained so as to 
drive out the nitrogen During this period the potash is remo\ ed 
from the graduated tube b\ lowering the reservoir to which it is 
attached by rubber tubing and opening the tap When the air 
has been expelled, the graduated tube is filled by raising the re- 
servoir and the tap is then closed The operation is conducted 
as m an ordinary combustion, the front of the combustion tube 
being first heated and then the substance, so that a slow stream of 
gas passes into the azotometer When the evolution of nitrogen 
begins to slacken, the current of carbon dioxide is increased so 
as to dnv e out the last traces, and vv hen there is no further increase 
in volume of nitrogen the process is stopped The reserv oir must 
be raised to the lev el of the liquid inside the v olume, and the 
temperature and barometric pressure then be noted 
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Example — 0206 gram of substance ga\e iSS cl of moist 
nitrogen at 17 0 and 756 mm (xapour pressure of potash solution 
at 1 7' = 1 4 5 mm ) 


iS SX273XC756— 14 5)xo ia6 _ 
(273 + 1 7) x 760 x o 206 


xo 56 per cent 


Kjeldahl’s method — The organic compound is heated 
stronsh with sulphuric acid which oxidises the organic matter 
and con\ erts the nitrogen into ammonium sulphate The 
ammonia is then estimated \ olumetncalla by distilling with 
caustic soda and collecting the gas in standard acid About 
o 5 gram of substance is accurateh weighed and introduced into 
a round Jena flask (500 cc), together with 15 cc of pure con- 
centrated sulphuric acid and about 10 grams of anlvvdrous 
potassium sulphate The object 
of the latter is to promote oxida- 
tion by raising the boilmg-pomt of 
the liquid The flask is clamped 
oxer wire-gau 7 e and the contents 
boiled brishlx- until the liquid, 
x\ Inch first darkens in colour 
becomes clear and colourless or 
famtlx yellow W hen the decom- 
position is complete (* — 1 hour), 
the flask is left to cool and the 
contents then diluted xxith 2 — 3 
x olumes of water The flask is noxx 
attached to the distilling apparatus 
shown m Fig 58 It is furnished 
with a rubber cork through which 
a bulb adapter is inserted (to retain 
an\ alkali xx hich max spirt upxx ards) 
the latter being connected with t condenser The end of the con- 
denser just dips below the surface of 25 cc of a lnlf-normal 
solution of hx drochlonc or sulphuric acid contained in a flask or 
beaker A fewer pieces of porous earthenxxare or granulated 7inc 
^are introduced into the flask to prexent bumping About 30 
grams of caustic soda in 60 cc of water are poured in carefullx 
down the side of the flask and the cork quicklx inserted The 
liquid is then boiled brishlx' until no more ammonia is evolx ed 
[7 * , ,f) Tlus should be ascertained by testing a drop of 



the distillate 
complete, the 


xxith red litmus paper 
liquid is titrated w ith 


s » drop of 
If the operation is 
half-normal sodium 
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carbonate or caustic soda solution, using mctlnl orange as 
indicator 

Example — o 5151 gram of substance required 173 cc N/ 2 
sodium carbonate 

23 — 17 3=7 7 7 7x0007^000 _ JO ^ percent 


QUESTIONS OV UI API 12 R XTX 

1 Whit is meant by the term amino acid J \\ hat are its 
properties > In what respect docs it differ from an amide 5 

2 Describe the preparation of gljcme How can it be con- 
verted into glycollic acid 5 

3 What is luppunc acid 5 How is its constitution determined ? 
Name other derivatives of glycme obtained from natural sources 
and give their {01101111: 

4 Give the reactions for the proteins Describe some of their 
decomposition products 

5 Name some of the chief groups of proteins and their charac- 
teristic properties 

6 What is meant by the term albuminoid substance 5 

7 How is gelatine obtained ? Name some of its properties 
How f could it be distinguished from egg albumin ? 

8 Describe any application of proteins 111 the arts or manu- 
factures 

9 Estimate the percentage of nitrogen in an organic compound 
from the following data o 2002 gram gave 17 5 c c of moist 
nitrogen at 14 0 and 759 mm 

10 Calculate the percentage of nitrogen estimated bv Kjeldahl s 
method from the following data o 5 gram of the substance was 
decomposed and distilled with caustic soda and the ammonia 
collected in 50 c c of normal sulphuric acid The acid then 
required 33 6 c c of normal caustic soda solution for neutralisation 




PART III 

AROMATIC COMPOUNDS 

CHAPTER XX 

THE AROMATIC HYDROCARBON'S 

The meaning of “ Arom afac^^The name aromatic was 
onginallv applied to a small group of compounds which could 
not be classed among existing families of the better-known 
aliphatic senes The members of this group which included 
the balsams and resins and products derived from them, essen- 
tial oils like bitter almond oil turpentine oil, oil of wmtergreen, 
of cloves and of lemon etc possessed m common an aromatic 
smell 

On closer studv. manv were found to possess properties not 
very dissimilar from those of aliphatic compounds, and to be 
similar!} related among themselves For example, toluene is 
a liquid hv drocarbon origmallv obtained from tolu balsam , oil 
of bitter almonds is an aldehi de , and benzoic acid is an acid, 
denved from gum-benzoin Thev can be converted into one 
another and stand m the relation of paraffin aldehvde, and _ 
acid 

C-H s c~h 6 o - C-H c 0 2 

Toluene Oil o'bi ler almonds. Benzoic acd 

c,h 6 c.h 4 o c,h 4 o. 

F thane Acetal J eh vde. * Ace*icacxd 

But notwithstanding this parallelism which appeared among 
members of the two senes a sharp line divided the aliphatic 

CuLtn s CL Bk. Org Chetn 241 P 
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from the aromatic compounds Indeed, some years elapsed 
before am direct s\nlhesis of *t member of the one group from 
that of the other served *>s a connecting link between them 

The aromalK compounds contain a higher percentage of 
carbon , hexane, C fl II 14 , contains 83 7 per cent , whereas benzene, 
-C c H,j, which is the simplest lndrocarbon of the aromatic series, 
contains 93 6 per cent of carbon 

Ex.pt 1 18 — Barn some hexane and benzene side bv side on two 
inverted poicclam lids and note the much larger separation of soot 
in the flame of benzene 

The more complex members of the aromatir series maj be 
broken up by the action of \arious reagents into simpler sub- 
stances, such ns benzene, (C e II e ), phenol, (C„lT c O), picric acid, 
(C a II jO-Nj), etc , but any attempt to pass bejond this point, and 
to form substances with fie c or few'er carbon atoms, general]) 
results in the complete disintegration of the molecule Tollienc 
mav be oxidised to benzoic acid (p 256) , and benzoic acid, 
when distilled with soda-lime loses carbon dioxide md yields 
benzene 

Itenjoic Pen7ene 
'tail 

But if benzene is decomposed b> oxidation, it forms carbon 
dioxide and water and no intermediate products are obtained 

Kekuld’s Theory — It was upon the existence of this residual 
nucleus of six carbon atoms, which appeared in the ultimate 
products of decomposition of aromatic substances, that Kekuli 
founded lus celebrated benzene theorj The aliphatic com- 
pounds are open-chain compounds, benzene, which is the 
fundamental hydrocarbon of the aromatic series, as methane is 
of the aliphatic series, possesses a closed-chain or ring of carbon 
atoms 

Let us suppose the six carbon atoms of benzene to be arranged 
in a horizontal row, and a hydrogen atom attached to a bond of 
each of the carbon atoms 

— CH CH CH CH CH CH— 

The number of carbon- and hydrogen-atoms corresponds to 
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the formula of benzene Let us now modify the above arrange- 
ment by attaching the tw r o end carbon atoms 
CH CH CH CH CH CH 


A closed chain or ring results, which is usually represented 
m the form of a regular hexagon 1 

CH 

HC/\.CH 

HCl^JcH 

CH 

The existence of such a closed system of atoms presents no- 
thing unusual, when we consider the structure of the anhydrides 
of dibasic acids (p 182) and of the ureides (p 227) T his arrange- 
ment f urnishe s an explanation of many well-L now 57 properties 
of benzen e It explains its unusual stability towards reagents 
It a ccounts for the ex istence^jof_onlv— one— ifiono-denvativjeiinf 
benze ne (that is, a demativc obtained by replacing one of the 
In drogen atoms bj another element or group) , for the hydro- 
gen atoms being sj mmetrically distributed, the six positions are 
identical It explains, moreover, the occurrence _of three lsomern 
di-dematiY.es,>- rsomenc cli-d cri vati ves of benzene are \er\ 
common, but the maximum number is always three There 
are three dichlorobenzenes, C fl II 4 Cl 2 , three dibromobenzenes, 
C ( IT 4 Br 2 , three dimtrobenzencs, C 6 II 4 (N0 2 ) 2 , etc 
Suppose we number the carbon atoms of the benzene ring 
from 1 up to 6, and represent the two new elements or gioups 
hv X The positions which they tan take are, 1,2, 1 3 , 1,4, 
1, 5, and 1, 6 



The hexagon is elongated in the figures parti) to economise space when a 
number of them are drawn side by side, part I > to assist the memon m 
retaining the relative positions of substituted lij drogen atoms, bv giving tlie 
figure somewhat different dimensions 111 horizont d and vertical directions 


R s' 
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It is clear, howcxer, tint positions i, 2 and 1, 3 are identical 
with 1, 6 and i, 5 Three positions, therefore, remain, which 
will be those of the three isomers referred to above These 
positions are known as ortho-, meta-, and para-positions 1 


X 

X 

X 

1 

-<: 

A 

1 I 

A 

1 1 
\/ 

\/" x 

1 1 

\/ 

1 



1 

X 

Ortho- 

Meta 

Pam 


Positions of (lie Roups in the three numeric (It dermtues of I* nrene 


It will be seen from the nbo\e formula for ben/ene that onl\ 
three bonds of each carbon atom are appropriated — two for 
union with the adjoining carbon atoms and one for attaching 
the In drogen atom What is the function of the fourth cirbon 
bond ? In Kek uli's original formula the carbon atoms wer e 
link ed alternateK by doubleand single bonds 

CH 

hc/Vh 

iicU ch 

CH 

keknlj s firmula for Benrenc 

This formula represents an unsaturated hydrocarbon of the 
olefine family (p 127) Benzene, m fac t, possesses.thc-properties 
of an _olefine, ^inasmuch as it forms the following additne com- 
nounds with hydrogen, chlorine, br omine, and hvpochlorous 
acid " 

C„H,« C fl H 0 Cl„ C n H fl Br c CjHefHCIOJj 

He'C-ihsdro Benzene Benzene Benzene 

benzene hevtchlonde hesnliroimde triclilorlis drill 

The fact that the maximum number of monovalent atoms 
which are required to saturate benzene is 6 and no more, is 

1 The names c> //to, me/a, and fata will be occasional!) indicated b> the 
muni letters 0 , m , p before the name of the substance The numbers w ill 
also be used to denote the relatn e positions of atoms, or groups, in the ring 
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taken as strong evidence of the existence of 3 double linkages, 
and consequently of a closed chain 
On the other hand, Kekule’s formula for benzene fails to 
account for some of the characteristic properties of the olefines, 
which possess double linkages Benzene and its derivatives 
f orm no additn e comp ou nds with the halogen acids, or 
strong sulphuric acid, n or are the\. a s_a_rule. ..oxidis ed m th e 
c old b\ ' a solt ftiuif ‘of potassium permangan ate, which rapidly 
atta cks"' th'e*~ olefines and their derivative s Furthermore^ tire 
positions 1 3 and 1, 6 are not stnctiv identical, for a double 
link is interposed between one pair of carbon atoms and a single 
link between the other pair: 



Conseq uently, a and n ot r di-dem atn es should exist, and no 
example of the k ind is known - " 

Kekules formula has therefore met with some opposition 
The fate of the fourth carbon bond has been a long-debated 
problem In order to sever the connection of benzene with the - 
olefines the fo urth carbon bond has been described as a centric , 
potential, or residua l valenc). which signifies a modified bond 
of a somewhat ill-defined character What is known as the 
eentnc^Jormula.JoiuJjenzens^wns.jsugg ested bv Armstrong and 
supported by the experimental eyidence of Bae\er, but cannot 



Armstrong and Baejer s centric formula for Benzene 

be discussed here The fourth or centric' bond is represented 
as an arrow directed towards the centre of the hexagon 
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For practical purposes the fourth carbon bond may be omitted 
from the formula, and until something more definite transpires 
concerning it, the simple hexagon formula will suffice Before 
entering upon a more elaborate discussion of the evidence upon 
which the hexagon formula rests — that is to sa\, the symmetrical 
distribution of carbon and hvdrogen atoms 111 the molecule — it 
will be necessarv to study m greater detail the properties of the 
aromatic hydrocarbons 


The Aromatic Hydrocarbons 


Distillation of Coal-Tar — The principa l source of benzen e 
and its homologues is coal-tar Coal-tar is~produced m the 



1 ig 5 SA —Tar still 


manufacture of coal-gas bv the des tructive distillation^of coal in 
fire-clav retorts The gases from the retorts pass through a 
senes of upright pipes or air-condensers, which rise from a long 
trough in which the tar collects, whence it is drawn into a tank, 



3^ Tlin \ROMATIC Il\ DROCARBONb =47 

or tar-w til Tar is also produced in considerable quantities in 
the manufacture of coke in tokc-oxcns lhe quantity of tai 
\ancs with the character of the coal eniplojcd, 10 to 20 gallons 
being usualh obtained from each ton of coal When thc_ tar 
submitted to fractional distillation, it y i elds a \anety of \ olat ile 
products of different boiling-points, which form the material 
fronTwhich the majoriU oTaromatic compounds are prepared 
Coal-tar IS dis .til.lc_d mJargc.w rough t-iron stills, holding from 20 
to" 3 ol^r Fig 58A represents a section of a tar still It is 
surrounded by brick-work and heated by a fire below The 
still-head is connected with a condensing worm (not shown m 
the drawing), from which tile condensed products arc conducted 
into different rccen ers 

lhe distillate is usualh diuded into the following fractions, 
although different w-orks \ary slightly in their mode of 
working 


I)i lillitc 

OMitling 

icmpciimrc 

f onstituctiH of the fncuon 

' _ 

Light oil, or Crntk 
Ninlitln 

Middle, or tirbolic 
oil 

'Ik i\\, or Creosote 

to 170° 

I 

hum. nc mil hoinologiits 

to 230° 

Lirbolic acid nnd N iplitlnknc 

to 270“ 

Constituents not usinlb scjnralcd 

oil 

\nthnccnc ml 

llxnc 270° 

Anihnccnc 

Tilcli 

residue in the 

■ — 


still 

t 



lhe terms “light,” “middle,” and “heavy” oil denote the 
specific graulv of the distillate During the distillation a 
sample is run into water If it floats it is known as light oil, if 
it sinks it is called heavy oil A certain quantity is collet ted 
after the lighl oil ceases to distil, and this is the middle oil lhe 
separation of the fractions is often determined bv the boiling- 
point of the distillate, which is indicated bv a thermometer fixed 
in the still Each of the fractions is worked up and separated 
into its constituents, except the c reos ote Qil,jivhich is cmpjoyjul 
as it comes from the still for deserving timber One hundred 
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parts of tar yield the following approximate quantities of com- 
mercial products ' ' 


Benzene and homologues 

I 40 

Carbolic acid 

O 20 

Naphthalene 

4 OO 

Creosote oil 

24 OO 

Anthracene 

O 20 

Pitch 

55 00 

Water 

15 00 

99 80 


The separation of the constituents from the different fractions 
will be dealt with later, when the substances themsehes are 
described We shall confine our attention at present to the first 
fraction, or light oil This fraction is usually redistilled, and the 
portion boiling between 8o° and 150° is worked up for benzene 
and its homologues It contain s basic s ubstances — aniline, 
(P I 3 I )> pyridine (p 312), etc — w'hich are dissolved out by agita - 
tion_ wi th strong sulphuric ac id The acid is then withdrawn, and 
the oil treated with caustic so da. s olution , which rem oves.. any 
residu al sulphuric acid as .well as .carbolic, acid This is followed 

bv agitation wnth water, after which the purified oil is fraction- 
ated A specianormorsfill IFu^d;nrhich"is'heated~hy steam, and 
is furnished with a long fractionating column I lie fraction, 
which is first collected, is known as benzene, b-p 8o°-8i°, then 
toluene, b -p no°, and xj lene, b -p i37°-i4o° 1 The higher-boiling 
fraction, known as . solvent naphtha , is usgd_foLdissol\ mg rubber 
in the preparation of waterproof fabrics, or as bu rning naphtha, 
w’hich is employed for illuminating purposes 
Benzene, C 6 II 6 , w r as discovered b> Faraday (1825) Before 
the introduction of coal-gas, a little illumin ating gas was 
^manufactured from .oil, and delivered to consumers compressed" 
into cylinders B> cooling the gas from these cjhnders in a 
freez ing mixture, a liquid " was btm rred' -from ‘which’ Faraday 
separaTed benzene hy distillation Benzene was afterwards 
obtained by distilling calcium be nzoate with slaked dime The 
benzoate decomposes into benzene and calcium carbonate, a 

1 The commercial names arc benzol, toluol, and xjlol 
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p-oee;s whuu recalls the formation of mirsh-gas from sodium 
-cetate (p 60^ 

<C,H,CO s )j& — Ca(OH )_ = cC,H*-r zO> CO- 
Ca -c _-* b*- *. I— 

Exrr no — Gmd together 30 gram': of calcium benzoate with 
twice its i eight of sod? -lime and distil the mixture from a retort, 
which must be attached to a condenser ana receiver \\ ater and 
a light brov m oil distil smelling strongly o< benzene The benzene 
e?n bo separated from the water by a small tap-funnel It is then 
tided over ca*cium chlonae, and redistilled 

Benzene h is been sv ntliCsi-ed by Bct tkclp t frnm _^Lcet ylen e 
fp 135) by heating t he c’s in * close d vessel.. at a mod erate ly 
lo w tem pcmTure~*~^Th e a cetylene goh menses and forms 
benzene : 

3 C 2 H. = C,H« 

Vi'itr — F* — r—s 

Benzene 15 rot exclusively obtained from coal-tar m the 
m *nner already described 

The c omme rcial product^ always rn nt rnn * a sm ill_ quantity- of 
an org anic ampffqr compoun d, known as thio phene. C.H.S^which 
colourless Lqmd and has rcarh the same IxjiIihc-pofntj’F 

Exft. i 20 — The di-tillation of coal on a small scale mav tie 
sho \r o\ mean- of the apparatus (Tig p 55I bmall pieces of 
coal are p'^ced m the tune attached to ? ary v ash-bottle and 
dehvcrv tube connected with a gas jar -finding over water. On 
heating the coal, gas is giv en off water and tar distil and collect in 
the wash->bott!e The water contains ammonia and has a strongly 
alhaixne reaction The tar contains the benzene in drocarbons, etc 

Properties of Benzene. — Benzene is a colourless Jiquid with 
n pscuhir_smel! It npJ-,at. So" 5 sohdtfles at 5 0 4 and has a 
specific gravity of c S74 ? t =o~ It 15 v eryjnflammable, an d bums 
^itn a lumi no os-and -smoky-flame. It is insoluble in v ater, and 
having a lower specific gravity floats on the surface “it is some- 
times used like ether for srpamtmg organic liquids "when mLxed 
' yltn for-extix.ctir.2-f rt ts-etc . and for dry cleaning?' ~ 

The chemical p-operties of benzene may be taken as typical 
of the family of aromatic hv drocarooas Benzene resi$ts_the 
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ac lion of .til the orduja n ox idising-and reducing agents H\ dro- 
qc]f iii jijjpsence of < olloidal platinum at jhc ordinary temperature, 
or rmtK^( hvic kduiichdjil_.ib out i6o c eoneerL s it lntolhc hexa- 
hydrjdc -( oil,. When benzene is exposed to the a« turn of 
c hlorine or bromin e m sunl ight, ere st .ilwjrTenzeneTicxachloridc, 
Cr,IIr(l«, or Jicxabromide, C f H s Tlr 0 , slowh deposit Both sub- 
st im es arc v cr\ unstable, and unit a smell of < hlorinc or bromine 

If cldorine or bromine acts upon benzene jn presence of a 
" carrier,” substitutio n occurs, and a series of chlorinated or 
brominated products is formed, containing from one up to six 
atoms of the halogen in pi ice of In drogen 

C'M a +Cl,~( ,II,CI+HCI. C 4 H s C1+CI.=C*H 4 CI.+HC1, 

M on xlil no I hchlor > 

Ikiuciic benzene 

and so forth 

E\n 121 — Pour a few c c. of benzene into three test-tubes anel 
add some drops of bromine to each Into one of the test-tubes 
drop a small piece of aluminutm-incremv couple (sec hxpl 122) , 
to a second add some iron filings Notice the difference 111 the 
action as indicated by the esolution of hydrobronne acid from 
the three test-tubes 

Iodin e In s no . dir ect ict ion on bcn/cnc_or__thc_ other I13 dro- 
earbo ns and in t lnsjcspcj. tJLhcJatlpr resemble Jhc piraffins 

1 lie 1 preparation of bromobenzene is ron- 
eluctcd on a larger scale as follows 

Exm 122 — Preparation of Bromobenzenc 
— The apparatus is shown in Fig <59 l'ift> 
gi.uns of benzene arc placed in the flask 
uid 120 grams of bromine (40 c c ) in the 
tap funnel About o 5 gram of aluminium 
fpil is coeered witl^a solution o'f m ercu ric 
chloriclc" i?ntil 'tfieT surface is coateH w itTi 
mcrcurT After being washed two or 
three times with water alcohol, and then 
with benzene it is dropped at once into 
the flask The bromine is now* allowed to 
drop in slowly The couple becomes coated 
with a brown film and a \igorous action 
takes place w itli e\ olutioa of hydrogen bro- 
mide which collects in the beaker containing 
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water When all the bromine has been introduced and the ted 
colour has disappeared from the flask (a dark colour still remains), 
water is added , the mixture is well shaken and then a little 
caustic soda solution until the liquid is alkaline and it is 
well shaken again The mixture, which separates into two 
layeis, is poured into a tap- funnel, the lower layer (bromo- 
benzene) drawn off, shaken a second time with a little moie 
caustic soda solution and separated It is then dehydrated over 
calcium chloride, filtered and distilled The distillate is collected 
at I5 o°-i6o° The yield is 60 grams The boiling-point is 155 0 

Dilute ni tric acid, has-n o action on be n zene, but strong nitric 
acidrriiijidlylattacks-it . and forms nit ro-denva tiv.es The action 
is-assistcd .by.the.presence.of jstro ng sul phuric aud, which absorbs 
the water formed m the process 

C 6 H 6 + HN 0 3 =C 6 H 6 NOo-f H s O 

Nitrobenzene 

C 6 H s N 0 2 +HN 0 3 =C 6 H 4 {NO,) 2 +ILO 

Dinitrobenzenc 


Expt 123— Mix together 20 cc of strong sulpliunc acid and 
15 c c of strong nitric acid in a graduated cylinder Add naif the 
volume of the mixed acid (17 c c ) gradually to 5 c c of benzene, 
contained m a small flask , cool and shake well Heat is evolved 
and nitrobenzene is formed When the acid has been added, pour 
a little into water and notice that the liquid has a yellow colour, 
and, instead of floating on the surface like benzene, sinks 111 the 
water Add the remainder of the acid at once to the remaining 
liquid in the flask, and heat for a quarter of an hour on tlie^vater- 
bath , then pour into a cylinder of water The substance which 
now separates is no longer liquid , but a pale yellow, crystalline 
solid, which is the dimtro-compound 


These two operations arc conducted on a larger scale as follows 

Expt 1 24 Preparation of Nitrobenzene — Fifty grams of 
benzene are placed in a flask, and m another 60 c c of concen- 
trated nitric acid and 60 c c of concentrated sulphuric acid 
are mixed together and then cooled The mixed acids are 
then slowly added from a tap-funnel to the benzene, and 
the contents of the flask are well shaken after each fresh 
addition Nitrous fumes are evolved, and a considerable amount 
of heat developed Care must, -however, be taken that the 
temperature does not exceed «so°-6o°, by immersing the flask if 
necessary, 111 cold water The nitrobenzene separates out as a 
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brown, oily layer on the surface of tlic acid liquid When the acid 
nas all been added, an operation w Inch lasts about half an lioui, 
the mixture is heated for about twenty minutes on the watcr-balli, 
and again well shaken 1 lie contents of the flask on cooling, arc 
poured into a stoppered scpnntmg-fnnne!, the lower layer of acid 
is removed, and the nitrobenzene washed free from acid by shaking 
once with water (50 cc), then with dilute caibonatc of soda 
solution, and again with water, the oil being each time withdrawn 
from the bottom of the \csscl The nitrobenzene, separated as 
carefully as possible from water, is allowed to stand o\cr 1 few' 
pieces of fused calcium chloride and shaken occasionally until the 
liquid is clear 1 he yellow liquid is decanted, or filtered from the 
calcium chloride, and distilled 111 a distilhng-flask, with condenser 
tube only At first a little licnzeiic passes over , the tcmpcratuic 
then rises, and the nitrobenzene distils at 2oj°-207°, and is 
separately collected 1 he brown residue consists of dmitro 
benzene, the quantity depending upon whether the temperature 
during nitration has been allowed to rise too high lhc yield is 
about 60 grams Nitrobenzene is a pale yellow liquid with a 
smell of bitter almond*! ’** 

"EM’?'' 125 — Preparation of »i-Dmitrobenzene — Mix together 
2 j c c of fuming nitric acid sp gr 1 5 and 20 c c of concentrated 
sulphuric acid and add 30 grams of nitrobenzene 111 portions of 
5-10 c c at a time Heat is e\ olved, and the mass becomes some- 
what deeper in colour When the nitrobenzene lias been added, 
the flask is heated for a short lime on the water-bath \ few 
drops are then poured into a test-tube of water Hie dimlro- 
benzenc should if the reaction is complete, separate as a hard 
pale yellow cake If it is scmi-sohd, the heating must be con- 
tinued The contents of the flask are then poured whilst w uni, 
into a large quantity of water lhc dimlrobcnzcnc, which 
separates is filtered at the pump and well washed with water 
It is then dried lhc yield is nearly theoretical A few grams 
should be rccrystalhsed from spirit (m p 90°) The remainder 
may be used for a subsequent preparation (p 264) 

Str ong sulphun c^acidj^on jyanmng, gradually dissoh es ben- 
zene, and _iorms— benze ne sulp honic acid Fuming- sulphuric 
acTcTconv~erts thejatterjn to benz cnc.d isulphomc acid 
C,H B +H a SO 4 =C 0 H B SOsH+Hj .0 

Benzene eulphonic 
ncid 

C 6 H 5 S 0 9 H+H s S 0 1 =C 6 H,(S 0 3 H).+H 2 0 

Benzene chsulphomc 
acid 


1 
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Expt 126 — Mix together m a boiling-tube about 3 c c ,of 
benzene and 10 c c of strong sulphuric acid, and heat gently with 
constant shaking The benzene, which at first floats on the acid, 
gradual!} dissoh es with nse of temperature When a little of the 
mixture is poured into w ater, a clear solution of benzenesulphomc 
acid is obtained 

On a larger scale the process is conducted as follows 

Expt 127 — Preparation of Sodium benzene sulphonate — Mix 
together m a round flask, fitted to a reflex condenser and 
placed on a sand-bath, 60 c c of benzene and 60 c c of con- 
centrated sulphuric acid The mixture is kept at a gentle 
boil uith frequent shaking until the top lajer of benzene has 
been nearly absorbed bj the sulphuric acid (six to eight 
hours) On cooling, the dark-coloured liquid is poured into 
cold water (1 litre) contained m a large basin, boiled up and 
neutralised with powdered chalk or thick nnlk of lime The 
mass is filtered hot through a porcelain funnel or cloth from 
the precipitate of calcium sulphate, washed with hot w’ater and 
somewhat concentrated The solution, w hich contains the calcium 
salt of benzene sulphomc acid, is treated with just sufficient 
sodium carbonate solution to precipitate the calcium as carbonate 
and. com ert the sulphomc acid into the sodium salt This is 
ascertained by filtering small samples and testing the filtrate with 
sodium carbonate The liquid is again filtered through cloth or 
through a porcelain funnel and concentrated, first over a nng 
burner and finalh on the water-bath until a sample crv stallises 
on cooling The sodium salt is drained at the pump and dned on 
porous plate The } leld is about So grams 

The action of strong nitric and sulphuric acids on benzene, 
in producing nitro-dern ati\ es m the one case, and sulphomc 
acids m the other is a characteristic property of aromatic com- 
pounds The homologues of benzene, as well as the majority 
of benzene dematnes, combine with these two acids m the 
manner described In this respect the aromatic compounds 
offer a marked contrast to the paraffins, and the other aliphatic 
hi drocarbons 

Toluene —Methyl benzene, Phenyl methane, C 6 H 5 CH 3 — 

, Toluene received its name from a resin, k nown as tofu b alsam 
f fmjihich_jUs J obtained-bv_dis.ti}lation It is now separated ' 
V -> ^£ { iStionaLdistillation from-coaLtar ji aplitha b y the method 
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already described (p 246) T olue p e_£l_QScl > icsem h lcs-benzene m 
properties Jt is a colourless liquid rut h, an .pdoucjresembling 
ben7ene It boils at no°, solidifies at —98° and has a sp gr 
£"869 at 16 0 The~ relation of toluene to benzene lias been 
determined by decomposition and synthesis It has already been 
stated that t oluene m av_,be_0M discd to benzoic acid , and ., the 
latter co nverted by di stillation wi th l ime into benzene The 
synthetic processes used in its preparation are known as the 
methods of Fittig, and of Fnedel and Crafts 

Fittig’s method recalls that employed by Wurtz m the s)n- 
tliesis of the paraffins (p 77) It consists in mi xing^ together 
bromobenzeng. and, methyl iodide. ..d iluted with dry ether.. and 
'ufihng sodium in thi n slice s The action commences spon-' 
laneouslvT^ind, when it ceases, the liquid is decanted from the 
sodium salts, and the toluene separated bv fractional distillation , 

* C 0 HBr-f CH 3 I+Na.=C B H 5 CH 3 +NaBr+NaI 

Promo Meth>l Toluene. 

Iienrene iodide 

The Fnedel-Crafts’ Reaction — In this reaction anhydrous^ 
aluminium c hlorid e is added to benzene,, and methyl chlorid e 
passed in, or me thyl bromide added to the mixture H)_dro- 
chloric^or, li> drobromic acidjs ..rapidly^eTolved, and toluene is 
formed The product is poured into water, and the upper layer 
retnoi ed and fractionated The action of the aluminium chloride 
is not fully understood, but is usually accounted for by the 
formation of an intermediate compound of benzene and aluminium 
chloride, which is decomposed bv the alkyl halide The reaction 
may be expressed as follows 

C c H B -|-CH ,C 1 [+ A 1 C 1 3 ] — C„H s CH,-fHCI 

By prolonging the action, additional methyl groups are intro- 
duced into benzene, and a series of di-jjtri-, etc , methyl benzenes 
arejformed "" " 

m 

* Both Fittig’s and Fnedel-Crafts’ reactions can be applied to 
the synthesis of a large number of aromatic hydrocarbons bv 
^substituting different alkyl halides for the methvl compounds 
The Fnedel-Crafts’ method in particular has a lery wade and 
\ aried application, for its action is not limited to the production 
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of In drocarbons alone Many other substances containing 
chlorine, such as the at id chlorides, unite in presence of alumi- 
nium chloride with benzene and its homologues, with the e\olu- 
tion of In drogen chloride and the formation of new products 
The acid chlorides \ ield k etones Benzene, acetjl chloride, and 
aluminium chloride form piienyT m eth^TTeton^ — — — ’ 

C 6 H c +CH 3 CO Cl[+ AlCy =C G H 3 'c6 CH3+HCI 

Phenjl methjl 
ketone 

It appears that onlv hvdrocarbons of the aromatic series can 
enter into these reactions KeTtf jer^ the paraffins hhf^olefmes 
possess the pro per ty The Fr i edel-C ra f ^^'rea 'ctloil" lgrrtliereTdfe 
re^gaisei^SJi^At mctn e_^ ature^of _the. aromgti^^ drocarbon s 

Expt 128 — The Fnedel-Crafts 5 reaction — Pour a few cc of 
benzene into a test-tube , add about a gram of anlij drous 
aluminium chloride and then a few drops of ethjl bronude 
Hvdrobromic acid is at once e\ ok ed If the product is poured 
into water, the upper lajer contains ethjl benzene, which, on a 
larger scale, would be separated bj fractional distillation Repeat 
the experiment, using acetj 1 chloride m place of ethyl bromide, 
and pour the product into caustic soda solution The upper 
layer contains methj 1 phenyl ketone, w hich possesses a character- 
istic sweet smell 


Structure of Toluene —The s^ nthesis of toluene from 
henzene clearly explains its structure Toluene is the metlnl 
dernatne of benzene, the graphic formula of which is represented 
as follows 


CH a 

I 

C 

HC,/^ CH 


HCi^CH 

CH 

Stnictural formula for Toluene. 


Tplueneis also_knowTi as phenjl methane The term phenyl 
denotes the monoj-rfent iidical, C 6 H 5 ' of 'benzene, just as ethjl, 
MI 5 , stands for the radical of ethane The name is demed 
rom the Greek <Kwo, to illuminate, from the connection of 
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benzene with the coal-gas manufacture 1 It is equally correct 
to represent toluene as methane in which a phenyl group 
replaces an atom of hydrogen 

H 

I 

H-C-H 

i 6 H 6 

Toluene or Phenjl methane 

Nucleus and Side-chain — It is found comenient to draw 
a distinction between the purely aromatic part, or ring and the 
aliphatic part, or alkyl group, in a compound like toluene The 
aromatic, or hen zenoid ..part -is _k no w r ji_as_the -.nucleus, whilst the 
aliphatic, or paraffinoid part is denoted by the term side-chain 
We say that toluene contains a nucleus and a side-cham 

A peculiarity of the side-chain is the effect produced upon it 
bv oxidising agents This has already been mentioned (p 242) 
The_ side-chain is conv erted into a ca rbox yl group, the nucleus re- 
maining mfiTcF - * Toluene forms benzoic aci d The same result is 
produced "lf' the side-chain is an ethyl, propyl, or other alk) 1 
group, containing several carbon atoms, it breaks down on 
oxidation m the same manner as toluene, and forms the same 
product, viz benzoic acid The value of this propertv m study- 
ing the structure of aromatic hydrocarbons and their derivatives 
is very considerable, and is well illustrated m the case of the 
xylenes (p 258} 

Action of Chlorine on Toluene — Toluene, like benzene, 
undergoes substitution bv chlorine and bromine Substitution 
is not, however, limited to the nucleus Hydrogen mav be 
replaced m the side-chain Substitution^takes place in the side- 
jdiamjf. chlorine is passed into boiling toluene, and the following 
three products are"successivelv 'produced ' ^ 

C„H S CH-.C1 C fl H s CHClo C 0 H S CC1 3 

Reno) 1 chloride I’enzyhileiie, or Renzenyl chloride or 

Penral chloride Penzotrichlonde 

The first contains the monovalent radical benzvl, C B IJ 6 CH*', 
corresponding to ethyl , the second, benzylidene, C 6 H 6 CH", 

1 The generic term for the aromatic radicals is aryl , which corresponds to 
alhjl of the aliphatic series. 
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corresponding to ethyhdene , the third, the radical benzenyl, 
C 0 IT 5 C" 

E\pt 129 — Preparation of Benzyl chloride — One hundred 
grams of toluene are poured into a retort together w ith one gram 
of phosphorus trichloride and roughly neighed The retort is 
placed on w ire gauze and attached to a reflux condenser \\ Inch is 
furnished at the top with a delivery tube to absorb the 
Iit, drogen chloride as shown m Fig 59, p 25°* or P^ ace d in 

fume cupboard A rapid stream of dry clilonne is passed 
through the boiling liquid until it has gained about 37 grams 
in weight The liquid turns yellow, and hydrochloric acid fumes 
are e\ oh ed When the reaction is complete the contents of the 
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retoit are distilled At first unchanged toluene distils, the 
fraction boiling at i65°-i 8‘>° contains nearly the whole of the 
benzyl clilonde, and forms the greater part of the product The 
liquid, which passes o\cr above 185°, is a mixture of higher 
chlorinated compounds, and consists chiefly' of benzal chloride, 
C 0 H e CHCl s , and benzotnchlonde, C 8 H B CC 1 , The portion con- 
taining the benzyl chloride is repeatedly fractionated until a liquid 
is obtained, boiling at 176-180°, which is nearly puie benzyl 
chloride 1 he yield is 80-90 grams 

C 0 H 6 CH 3 +C 1 2 =C c H 5 CH,CI+HCI 

If, on the other hand, chlorine is passed into cold toluene 
to which a little antimony clilonde, aluminium-mercury couple, 
iodine, or other gamer is added , sub stitu tion is confined to the 
nucleus, jmdmono-, di- , tn-, etc , chlor otolue nes are formed 

Cohen t Cl Eh Org Chem S 
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Tjhere aie three monochjprotglucnes, the ortho-, meta-, and 
para-compounds7 w hicTT' - are isomeric wi th .benz\ 1 chlo ride, so 
that there are in alPfour" compounds of the formula CjH-Cl 
In the following formula the carbon and hydrogen atoms of 
the nucleus are omitted 


ch 3 

ch 3 

ch 3 

CHoCl 

| 

A/ CI 

i 

/\ 

| ! 

/\ 

I I 

/\ 

\/ 

1 —Cl 

y 

1 1 
\/ 

1 

\S 

Ortlio- 

chlorotoluene 

Meta 

chlorotoluene 

Cl 

Para 

chlorotoluene 

I *en7\ I 
chloride 


There is a marked difference m the properties of the halogen 
derivatives of the aromatic hydrocarbons containing the halogen 
in the side-chain and m the nucleus 

TheJiaj o gen in the nu cleusjs ve ’ 1 * o\ e, wher eas 

that in the side-chain ~beha\es hk , t he aliphatic 

com pound s* Benzjl chloride undergoes reactions quite similar 
to’those of ethj 1 bromide 

QI^CHoCl+KOH = C c H 5 CH„OH+KC 1 
C 0 H e CH.C 1 + 2 NH 3 = C c H 5 CH 2 NH„+NH,C 1 
CbH^CHXI +KCN = C 0 H 5 CH 2 CN + KCI 

Evpt 130 — Shake a little bromobenzene ben/j 1 chloride and 
ethjl bromide m separate test-tubes with an alcoholic solution of 
siher nitrate and notice the rate at which the silver halide is 
formed in each case 

Hydrocarbons of the Formula C S H 10 — Theory requires 
four isomeric In drorarbons of the formula C 8 TI 10 , \ 1 / ortho-, 
meta-, and para-dimuh) lbenzene and an etlnl benzene 


ch 3 

CXI, 

CII 3 

CJI, 

/ /•». 

1 1 

! 

/\ 

! 1 

1 

X\ 

!' 

\ 

I I 

1 I 

V' 

1 1 rjT 

1 

1 1 

\/ 

Oith * 

dim** hylbcn'cne 

M«*tn 

diiuuh} Ibciizene. 

1 

ch 3 

Para 

riini'-lhylbetizene 

niiji 

benzene 
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The three dimethv lbenzcncs, winch are termed xylenes, are all 
present m coal-tar, the meta-compound largely predominating 
They cannot be separated by fractional distillation as the 
boiling-points he too close together, and commercial \ylene is 
therefore a mixture of the three isomers 



Boiling 


point 

Ortho vylene 

142° 

Meia-w lene 

137° 

Para, wlene 

* 3 / 


Oxidation of the Xylenes, etc — The behaviour of the four 
compounds on oxidation is instruct! \ e, as illustrating the manner 
m which the constitution of an aromatic hydrocarbon may he 
studied When the hy droenrbon is oxidised, the side-chains are 
com erted into carboxv 1 groups as already explained (p 256) Ethy 1 
benzene gi\es benzoic acid, and consequently* contains one side- 
chain The xylenes on the other hand, yield dibasic acids 
containing two carboxyl groups The process occurs m two 
stages, the two methyl groups being converted successively 
into carboxv I groups The first products are known as toluic 
acids 


ch 3 

ch 3 

ch 3 

' / Nco ! ,h 

/\ 

1 1 

y\ 

1 

\/ 


V ^ 

CO.H 

Ortho-toloic acid 

Meia loluic -icid 

Para loluic acid 

Each of these gives rise to a dibasic acid, 
.as phthahe, isophthahe, and terephthahe acid 

known respectivelv 

CO.H 

CO.H 

CO.H 


/V 

1 1 * 

/\" 


l^Jco.n 

\/ 

CO.H 

Plithalic acid 

IsopSihalic acid 

Tmephtliahc acid 


Other aromatic hydrocarbons, known as pseudocumene 
( r 2 4-tnmethv lbenzene), mesitylene (1 3 5-tnmethy lbenzene), 
and cymene (/(-isopropyl methvl benzene), occur m coal-tar. 
but require no special mention, as their properties are sinnhi 
to the hydrocarbons already described. 
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The Terpenes, Caoutchouc, and Gutta-percha are 
hydrocarbons possessing the general formula (C s H 8 ) (l which are 
closelv related to the aromatic hydrocarbons, more especially to 
cymene The terpenes have the general formula C 10 H I(t , and are 
common constituents of the sweet-smelling, volatile oils extracted 
from plants (essential oils) Pinene is the chief constituent of oil 
of turpentine, limonene of oil of lemons Turpentine oil (which 
is obtained by the distillation of rosm) is soluble in most organic 
solvents and is used as a vehicle for pigments and in the manu- 
facture of varnishes, etc It oxidises m the air, forming a resinous 
substance, and rapidly absorbs ozone Caoutchouc (rubber) and 
guttapercha are extracted as viscid emulsions (latex) by making 
incisions into the bark of certain trees (guttapercha from trees of 
the order of Sapotacea found in the Malay peninsula and rubber 
from Hevea brasiliensis, manihot, etc , cultivated in Brazil, Ceylon, 
and other tropical countries) 

The emulsion coagulates on standing or more rapidly on heating, 
and is the source of the well-known materials found m trade 
The natural rubber is usually treated with sulphur or sulphur 
compounds, with which it combines and then retains its elastic 
properties for a longer period The product is termed \ ulcanised 
rubber These two substances bear a similar relation to the 
terpenes as starch to glucose They appear to be polvmendes 
of the hydrocarbon isoprene, C B H 8 > 

Camphor, bomeol, and menthol are also natural products 
chemically related to the terpenes Camphor, C 10 H 16 0, is a ketone 
and is extracted by steam distillation from the camphor tree 
(Lawns camphora) the chief source of which is the island of 
Formosa Bomeol, or borneo camphor, C 10 H 17 (OH), is an alcohol 
and a reduction product of camphor, and is extracted 
from another tree ( Dryoibalanops camphora) grow mg m Borneo and 
Sumatra Menthol, C 10 H 19 (OH), is the chief constituent of pep- , 
permmt oil and is the crystalline residue left after distilling 
the liquid terpenes 


QUESTIONS ON CHAPTER XX 

1 Explain the origin and present meaning of the term aromatic 
compounds Name some of the facts which suggested the view 
of a common nucleus m these compounds 

2 Explain why benzoic acid is said to be a benzene derivative 
What 1 elation does oil of bitter almonds bear to benzoic acid ? 
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Discuss the merits and dements of Kekule's formula for 
benzene, and those of any alternative formula 

4 Give an outline of the production of aromatic liydiocarbons 
from coal-tar 

5 By what physical and chemical propel tics aie benzene and 
its homologues distinguished from all otliei hydrocarbons ? 


6 Discuss the structural formula of toluene 

7 Give an account of the principal reactions of toluene which 
proiie that it contains both a benzcnoid and a paraffinoid residue 
Describe precisely how you would conduct the opeiations and 
isolate the products 


8 Describe the Fncdel-Crafts’ and Fittig leactions foi obtaining 
benzene hydrocarbons Give at least one other example of the 
application of each of these important general methods of 
preparation 


9. How would you proceed to ( 1 ) identify an aiomalic hydro- 
carbon 5 ( 2 ) remove it from a mixture w ith petroleum 7 

10 State how you would distinguish the isomeric liydiocaibons 
of the formula C„H 10 How w-ould you show' that they aie all 
deuvatives of benzene "> 


11 Give the formula: of the isomeric xylenes, and slate how one 
of them may be converted into phtlialic acid 

->/12 Describe the action of (a) nitric acid and (b) sulphuric acid 
on benzene 


13 What is meant by the terms nucleus and side-chain ? How 
w'ould you introduce chlorine into the one or other ? 

14 Give a short account of the tcrpencs and substances 1 elated 
to them 


15 Name and give the constitutional formula: of the isomeric 
bodies possessing the molecular foimula C 7 II 7 C1 Describe how 
any two of these aie obtained and how they may be identified 
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THE AMINO-COMPOUNDS AND THEIR DERIVATIVES 

Ammo-compound is the name usuallj given to those 
aromatic compounds m which the hvdrogcn of the nucleus is 
replaced by the ammo-group They correspond m structure to 
the aliphatic amines Ammobcnzene, or plienylammc, C„II 6 NIL, 
is the analogue of ctbylamme, C»II 6 NH- The term amino- 
compound rather than amine is pieferred, inasmuch as the 
aromatic ammo-compounds differ in many important lcspetls 
from the aliphatic amines 

The ammo-compounds cannot be obtained, as a riile,^-by 
U^3ifecE~_actioir of ammonia on the halogen^ s ubstitutio n 
products of benzene Shd its liomologues (p 258), nor by anv of 
the usual reactions which yield the aliphatic amines The 
common method is one already referred to, viz thc_rcdl K,Uon of 
' the nitro-compounds m acid solution The agents usually 
Scmpkn ed are the metals, ' iron tm, and zme, together with 
hydrochloric or acetic acid, stannous chloride dissohed m strong 
{• hydrochloric acid, or, m certain special cases, ammonium 
f sulphide 

Expt 13 1 — Preparation of Aniline from Nitrobenzene — Fort Ac- 
tive grams of granulated tm and 25 grams of nitrobenzene are placed 
m a lound flask (1 litre) The contents are warmed for a few 
minutes on the nater-batli The flask is removed, and 9c c c of 
strong hydrochloric acid are gradually added m quantities of 5 to 
10 c c at a time The mixture sometimes boils up \ lolcnth , in 
which cose the flask should be immersed in cold water for 1 few 
minutes In the course of half an hour all the acid should have been 
added *Tlic flask is then heated on the w ater-bath for an houi to 
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complete the reduction The reduction takes place according to 
the follow mg equation 

2C 6 H 6 N0.+3Sn+HHCl=2C c II s Nn s HCl+3SnCl 1 + 4 H 2 0 

Aniline Ii\drorhloridc 

If the liquid is allowed to cool at this stage, the dm^lc^ajtjif 
aniline h\ d r o ch 1 o u dLslai lnic-jchlori d c , (CfU^N IT «TTC) ) nbn Cl ^ , 

crj stallises^iVatcr is at oijcc - added, v-£hcj <?tprc, 
suIuTTorTof caustic~sbda (70 grams m 100 cc of waTcT) The 
anihneT which is -liberated and, f loats .0 11 the surface as a^dark- 
colovired oil, is scpaiatcd by distillation ^n steam 
— VTshUatloiTTiT^rcnir—L hrtf apparafu^'ubed 111 this operation is 
shown 111 1 lg 61 



The vessel a, which is an oidmary oil-can, is used to gcneiatc 
steam, and is paitly filled with watei It is furnished with two 
tubes inserted tlnongh the coik One tube, which is long and 
stiaight and open at both ends, sen cs as a safety-tube, b\ prevent- 
ing liquid from being draw 11 fi om the ilaslc b in case the flame undci 
a is accidentally lemoved The second tube is bent, and tci inm- 
ates just below r the cork It is attached by lubbci tubing to the 
bent tube, which passes to the bottom of flask b containing the 
aniline 1 he flask b is connected with a condcnsei and leccivcr by 
a bent tube The vessel a is heated dircctlv by the flame, and the 
steam passes into b, which is heated on a sand-tray or wirc-gau/c, 
and is sloped to prevent the contents being splashed over into the 
condensei The steam carncs with it the vapoui of anilmc, which 
condenses and collects along with water jn the lcceivci lhe 
aniline m the receiver is separated by shaking with cthei, which 
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dissolves the aniline The ethereal layer is then removed, and 
dehydrated over solid caustic potash The ether is distilled off 
on the water-bath, and the residual liquid is then distilled over 
the flame Aniline boils at 181 0 - 182° The process of dis- 
tillation m steam is one of great practical value, and is frequently 
employed where the substance is mixed with organic or inorganic 
impurities which do not volatilise It may appear strange at 
first sight that aniline, which boils at 182°, can be distilled by- 
passing m steam at a much lower temperature The boiling- 
point of mixed liquids, winch do not dissolve in one another, 
is determined by their combined vapour pressures When this 
is equal to the external (atmospheric) pressure, both liquids 
distil It follows, therefore, that aniline can be distilled much 
below its own boiling-point 

The conversion of a nitro- into an ammo-group lakes place 
in the presence of other groups, or, if there is more than one 
mtro-group m the nucleus, they all undergo reduction Thus, 
dinitrobenzene gives diaminobenzene 

<?*> Vt*" r T 

/NO, /NH 2 

C a H 4 < +6H a -C a H l < +4H a O 
x no 2 NNHj, 

Dinitrobenzene Diaminobenzene 


It is possible to effect _the.jeductipn.of the two nitro-groupsuEL 
success^^bv jismgan alcoholic solution of ammonium sul phide 
The dmitro-compound is dissolved m alcohol, strong ammonia 
is added, and hydrogen sulphide is passed through the solution 
until saturated The reduction is effected by the hydrogen of 
the hydrogen sulphide and sulphur is deposited 

H s S=H s +S 


The reaction in the case of dinitrobenzene is represented as 
follow s 


/NO. /NO s 

c 6 H 4 <( + 3 nh 4 hs = c 8 h 4 <( + 3 nh 3 + 3 S + 3 H a O 

x NO, n NH 2 


Nitroimmobenzene, 
or Nitramline. 


Expt i 3 2 — Preparation of Meta-nitramhne — Dissolve 25 
grams of dmitrobenzene prepared as described (Expt 125, p 252) 
m 95 c c of alcohol (purified spirit) and i 3 cc of concentrated 
ammonia Hydrogen sulphide washed through water is passed 
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into the dark red, past\* mass, Minch is occasionally shaken The 
dinitrobenzene slow ly dissolves, whilst, at the same time, flakes of 
crystallised sulphur are deposited When the gas has been 
passing for an hour the flask is removed and heated on the water- 
bath for a few minutes After cooling, the liquid is again satur- 
ated with hydrogen sulphide and then heated on the water-bath 
as before When the gas has been passmg m a steady stream for 
fully two hours the process is complete ater is now added 
to the hquid until nothing further is precipitated The mixture 
is filtered at the pump and washed with a little water The 
solid residue is transferred to a flask and shaken up with successiv e 
small quantities of hot dilute hydfochlonc acid and the liquid 
decanted through the original filter The mtramhne dissolves, 
leaving the sulphur When no more mtramhne is extracted 
(this may be ascertained by adding ammonia m exdess to a portion 
of the acid solution, when no precipitate is formed), the acid 
solution is somewhat concentrated, cooled, and concentrated 
ammonia added The j«-mtramkne is precipitated, filtered w hen 
cold, and purified by recr} stallisation from boiling water The 
filtrate from the mtramhne may be concentrated on the water- 
bath and a further small quantity obtained The yield is about 
15 grams of jellow needles, m -p 114 0 

Properties of the Ammo-compounds — The ammo-com- 
pounds of the aromatic hydrocarbons are c olourless liquids, _pr_ 
sojjids-iv h ich. .a x figSpaangly ..soluble m water, but dissolve" m the 
common organic solvents They may h e distilled T over Jhe 
flame with out decomposition, and are volatile m stea m They 
hav F a faint and~not unpleasant^ i^llirw^cSrS^evenl^o^ in 
the least^n^omacal lT'otlieF “groups accompany the ammo- 
group, the compound partakes of their ph) sical characters 
The ammor compounds are b ases The} form well-cr}stalhsed 
salts with acids and double salts with platmic chloride 
Aniline forms the following senes of salts 

C 6 H 3 NH. HC 1 C 6 H S XH, HN 0 3 (C s H 5 NH 2 ) 2 H 2 S 0 4 

Aniline hydrochloride. Aniline nitrate. Aniline sulphate. 

(C 6 H 5 NH 2 HCl).PtCl 4 

. Aniline platinochlonde. 

The hydrochlondes and nitrates of the bases are usuall} v ery 
soluble, the sulphates less soluble, in water. So far the com- 
pounds resemble the aliphatic amines The bases, however, 
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arc not alkaline to litmus.- nor arc the salts neutral substances, 

01 ) t " rT r-i-1 — 1 * *~ 3 

but cxlubit a strongly acid reactions ith litmus If a few 
crjst«ils of pure aniline lndrochlondc arc dissolved m water, 
the solution will redden blue litmus fhcre are certain other 
organic colouring matters (mctlnl-violet, magenta, etc) which 
arc unchanged unless free acid is present, and are used for 
indicating neutralitv when an acid is added to an aromatic base 
I his weakening of the basic properties of the ammo-compounds 
is ascribed to the negative, or acid character of the bcnrcnc 
nucleus, which partially neutralises the basic properties of the 
amino-group Diphenyhmme, XII(C 6 II S )», which contains two 
phenyl groups, 'fbrhis l ~salts a “v hiclr are 'decomposed b> water 
i’ri phch) lammc, X(C 6 II S ) 1 , docs not combine with a cids and 
forms no salts’* Wc^shall'preschflr s'ec that the negative charac- 
ter of the nucleus finds further c\prcssion in the enhanced acidic 
character of the livdro\y-compounds like phenol, CoH s (OH), 
which forms salts with the caustic alkalis 
The ammo-compounds form secondary and tertiarj bases, 
like the amines, bv replacement of the lndrogcn atoms of the 
amino-group bj radicals The radical maj be an alkj 1 group 


Pnnnrj 

MI 

Aniline 


ScconiHrj 

/C.H 0 

n^ch 3 

Mcihjlantlinc 

or, an aromatic radical like phenjl 


/C b H 5 
N( H 
X H 

Aniline, or Phcnylimine 


/C 6 H, 

xfc 6 H s 

n H 

Diphenj limine 


lertiar) 

/C r H s 

n(-ch 3 

x ch 3 

Dimelhj lamlmc 


/C 6 h s 
N^C 6 H s 
, x c B H 5 

Tnphenj lamin'* 


Man) of these substances arc of great commercial importance 
The homologucs of aniline are called toluidines, xyhdmes, etc 


C 6 H 4 


/ 


-CH, 


(CH-). 


X NH 


X NH. 

Toluidinq^ \}1ii1ine>. 

Reactions of Aniline * — The presence of aniline is readily 
detected .b)„poumig a drop of the base into a solution of bleaching 


V\I THE \MINO COMPOUNDS \ND TIiriK DrivIVATIM S 267 

powder o r sod ium lnj)o£lilonte An intense \10lct coloration is 
produced*, which <lowl\ turns brown and fades 
‘"““CHiicn aniline lsjoxidised with a cold solution of potassium 
dichromate and dilute sulphuric acid, it turns blaiU, and the 
solution contains, among other produi ts T hcnzoquinonc, CnlljO, 
\mlmc undergoes the follow me reactions with the acids and 
halogens 

Chlorine mdjbroimne a< l\ uoroush on aniline and form the 
2 4~0-tru lilor- ind tribrom-amlmc 


Nil, 

Cl /V Cl 

• l 


\ ' 

tl 


In liliismlinr 


NI1» 
Hi/ N TJr 

1 

" 1 

1 

\ ' 

Ut 

T nl lomniiliiie 


Fan 1 33 —Preparation of Tribromanilmc — Dissohe a few 
grams of aniline 111 dilute li\ drocliluru. aeul and add bromine 
water A colourless precipitate of tiibromanilme is produced, 
wlueli ma\ be filtered and cr\ stallised fiom alcohol 

M hen aniline or aniline sulph itc is heated with strong sulphuiic 
acid aniline />-sulphoinc aud or sulphamlic acid is fol med 

AH, 

CfiiisNii + ilso, = c (1 u,c ' -1-110 

x so a u 

r mu -Preparation of Sulphamlic acid— ]Mi\ together 
emtioiisb 2 5 gt ,11ns of aniline and js e e of cemccntnloel sulph- 
uric aeul m a loinid flask (250 e c ) ami heat to ibo r ’-i<jo° m ail 
oil- or met d-balli foi foui to h\c hours until a sample dissolv eel 111 
water lemams clear on the addition of caustic. soda m excess 
ancl no inihnc separates 1 he pioduct is pourcel into eolel watu, 
which precipitates the sulphanihc aeul as a grey, crystalline mass 
It is filleted, washed with a little cold walci, iccry stallised fiom 
hot water with the addition of a little animal chaicoal, and 
dried m the ail It crxstilhscs with 2 molecules of water of 
crystallisation, which it loses in the an l he yield is 25 — 30 
giams 

Acetanilide, Phcnylacctamidc, Antifcbun, ( r,ir,NH C.lTjO, 
is obtained In the action of aictxl chluiidc, or lcctic anhydride, 



268 A CLASS BOOK OF ORGAMC CHEMISTRY chap 


on aniline, but is more economically p repared by boiling aniline 
with glacial acetic acid 

CsHsNHj+CjH^j^CgHsNH C 2 H,0+H 2 0 

Acetanilide 

Expx 135 — Preparation of Acetanilide — Mi\ together in a 
round flash (250 c c ) fitted with a long straight upright tube 
(air condenser) 25 grams of aniline and 30 cc of "glacial acetic 
acid and boil for seven hours As the liquid solidifies on cooling, 
it is at once poured out, while hot, into a basm of cold water 
(500 c c ) It is filtered and washed with cold water Acetanilide 
crystallises best from hot water, m which, however, it is not 
very soluble Place the moist acetanilide m a large basm, and 
add gradually about a litre of boiling water If the substance 
does not dissolve completely on boiling", a small quantity of spirit 
will bring it into solution Til ter through a large fluted filter 
or porcelain funnel (p 32) and set the solution aside to crystallise 
If the product is dark coloured it is redissohed as before, and 
heated with a little animal charcoal (5-10 grams) for half an hour 
and then filtered The yield is 30-35 grams It crystallises in 
colourless plates , m -p 112 0 

Introduce about o 3 gram of the substance into a test-tube, 
and add 3 c c of concentrated hydrochloric acid Boil for a 
minute On diluting with water, a clear solution is obtained 

C s H s NHC s H 3 O+H.O+HCI=C 0 H s NH !! HC1+CH 3 CO,H 

The acetanilide is hydrolysed, and forms aniline hy drochlondc 
and acetic acid 

Evpt 136 — Preparation of Bromacetanihde — Dissohe 5 
grams of acetanilide in 25 c c of glacial acetic acid and add 
gradually 2 c c (6 grams) of bromine and shake after each 
addition When the bromine has been added, let the mixture 
stand \ hour and then pour into 200 c c of w ater and rmse out w itli 
water Filter the crystalline precipitate at the pump and wash 
three or four times with water Press it well down and let it 
dram Dissolve the moist substance m spirit (about 60 cc) 
and pour into a beaker to crystallise Filter the crystals, wash 
with a little dilute spirit, and dry on filter paper The yield is 
6-7 grams 


C 6 H s NH C,H 3 0 + Br 2 =C s H 4 Br ls T H C 2 H 3 0 +HBr 
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liromacetanihdc cr\stnlhses in colourless needle** , m -p 
ifi<5° — 16O 0 On hvdroh sis w ith concentrated hydrochloric acid, 
/>-bromanihnc is formed (see al>o\e reaction for acetanilide) 

Mono- and M i-mttln Jamlme arc n obtained bv the action^pf. 
methyl akohol on aniline in presence of hjdrochloric or sulphuric 
acIcCtfiTn. icuon taking place as follows 

i , - A " *+ 

1 C c H s NH. IICl-i-CH 3 OH=C <1 II s NH.+CI-I,Cl+H.O 

2 C c H„NHj+CII.Cl=C e H s NHCH 3 HC1 

MethjKmlme hydrochloride 

3 Crl^MICII, HCH-CH 3 OH=C c H a N(CII 3 ), HC1+H.O 

Llimeth) Iiiiiline 1>\ drochlonde. 

Of the two, the dimethyl dematue is the more important 
technicalh Ihc ctli\ 1 dcmntists arc prepired in a similar 
fashion 


IIvpt x^7 — Preparation of Dimethylamhne — Twenty grams 
of aniline li\ drochloridc arc prepared b> gradually adding concen- 
tr ited hydrochloric acid to aniline (20 grams m a beaker) until a 
drop brought on to a piece of filter paper, stained with metlnl 
\ lolet, turns it green The liquid is quickly cooled and stirred so 
as to produce small crystals It is then filtered, well pressed, and 
dried on a porous plate The drj hydrochloride is brought into 
a thick-walled tube closed at one end, and the mixture of 15 
grams of aniline and 22 grams of mcth\l alcohol added The 
tube is then scaled m the ordinary way (rig 37, p 105) and 
heated in the tube furnace gradually to 150° during two hours, 
and then to i8o°-2oo° for six hours more The contents of 
the tube divide into two lasers, the lower consisting of the 
mdroclilonde of the base and water, and the upper of the 
ree bases The whole of the contents arc poured out into a 
large separating funnel, and caustic soda added in excess The 
addition of a little ether causes the bases to separate out more 
readilj The top la\cr is removed, and the lower aqueous 
portion is shaken up twice with small quantities of ether The 
ethereal solution is dehydrated o\cr solid caustic potash, the 
lquid filtered, and the ether remo\ed on the water-bath The 
residue is now boiled with 25 grams of acetic anhydride (using an 
upright condenser) for an hour in the same flask, the side limb 
of winch is stoppered. The contents arc then distilled Un- 
changed acetic anhjdride passes over at i3o°-i5o 0 , the tem- 
perature then rises, and the portion boiling at i9o°~2oo° is 
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collected separately When the lughci temperatnie is reached, 
it is advisable to keep only-the lower half of the condenser filled 
with water 1 he distillate has a bright amber colour The yield 
is 20 grams The residue in the flask consists of acetanilide 
and methylacetanilide and solidifies on cooling 

f Distinction between Primary, Secondary, and Tertiary 
Ammo-compounds — The same reagents may be employed 
for distinguishing the three classes of amino-compounds as are 
used for the aliphatic amines, w ith similar, though not identical, 
results (p 200) 

If a solution of nitrous acid is added to a pnmary ammo- 
compound and the liquid warmed, elicnescencc occurs, and 
the^ "amino-’group is reglace'd " by Ji\ dro\yl Aniline yields 
hvdroxybCnMie, 0 r _ or dinar y phenol 

C 6 H 5 NH 2 +HN 0 2 ==C e H 5 ( 0 H)+N,+H 2 0 

Phenol 

The process actually takes place in two steps, as will be seen 
from the following experiment 

Expt 138 — Dissolve a few drops of aniline m excess of dilute 
hydrochloric acid (test with methyl- violet paper), cool the solution, 
and add a few drops of sodium nitrite solution The liquid turns 
yellow but no effervescence occurs There is present diazo- 
benzene chloride, which is very soluble in water 

C c H 6 NH 2 HC 1 +HNO.=C 0 H 6 N 2 CI+2ILO 

Diazobenzcne 

chloride 


Divide the liquid into two parts, and warm one portion 
Effervescence occms and nitrogen is eaohed Tiic smell of 
phenol, 01 carbolic acid, is then perceived 


C c H,N s Cl +H a O = C ( ,H,(OH)+N 2 + HC 1 

Phenol 

Poui the other portion into _a solution of phenol in caustic 
soda~ ‘A deep mange-red colour is at .once produced This is 
an azo-colour the structure and properties of which will be 
described later (p 277) The two reactions serve to identify 
a primary aromatic ammo-compound 


If _nitrops. acid. is added to a secondary base, a nitrosamme 
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is formed, which is 1 \ ellow substance insoluble m water 

*“■ ^ c* ~ ^ -H* nr . ^ ** 

Methylaniline \ields nitrosomethylanihne — » - ' 
C 6 H s NH(CH 3 ) -fHN 0 ;. = C 0 H 5 N(N O )CH 3 + H 2 0 

Methj lanilme. Nitrosomethj I aniline 

Expt 139 — Dissolve a few drops of methylaniline m dilute 
hydrochloric acid, and add sodium nitrite solution as above An 
emulsion consisting of fine drops of nitrosomethylanihne is 
formed, which may be removed by extraction with ether On 
distilling the ether a yellow liquid remains, lia\ mg a fragrant 
smell If a few crystals of phenol are dissolved m strong sul- 
phuric acid (2 c c ) and a drop of nitrosomethylanihne is added, 
a blue colour is de\ eloped on w arming, w'lnch changes to red on 
dilution with water This reaction for “ mtroso ” compounds 
is known as.Liebermann’s nitroso-reaction Together, the above 
two reactions serve to identify a secondary amino-compound 

In their behaviour with nitrous acid, the tertiary amino- 
compounds offer no analogy with the tertiary aliphatic amines 
When nitrous acid is added to dimeth) lanilme, a deep red solution 
is obtained, from which orange crystals separate This is the 
h) drochloride of a new base, nitrosodimethylamline The nitrous 
acid, here, attacks the nucleus 


C N(CH 3 ) 2 

hcj^Nch 

HC^yCH 


CH 

+ HO NO 


C N(CH 3 ) 2 

HCf^XcH 

C NO 


+H »0 


Nitrosodimeth} lanilme 


Exit i 4 o —Dissolve a few drops of dimeth\ lanilme m dilute 
15 drochloric acid Notice that it is necessary to shake the 
mixture before a clear solution is obtained Cool the liquid, and 
add cautiously a solution of sodium nitrite Yellow' crystals of 
the hydrochloride of the mtroso-compound soon begin to separate 
If a portion of the liquid is made alkaline with caustic soda a 
mght green precipitate is formed, which is the nitrosodimethvl- 
anilme base It dissolves in ether with an emerald green 


Tertiary aromatic bases, like the aliphatic tertiary amines, 
combine with alky 1 iodides and form quaternary ammonium 
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iodides (p 203) Dimethy lanilme, when warmed for a minute 
with methyl iodide, forms a crystalline tnmethylphenyl- 
ammonium iodide 

C c H 5 N(CH 3 ) 2 +CH 3 I=C fi H s N(CH a )J 

T nmethj lphen) 1 
ammonium iodide 

The primary and secondary bases do not yield compounds of 
this character 

Acetyl chloride, or acetic anhydride, may be used for dis- 
tinguishing the primary and secondary from the tertian' bases 
The primary and secondary nmino-compounds form acetyl 
derivatives, but not the tertiary ..base 

Aniline and methylamhnc give respectively aretanihde and 
methyl acetanilide 

C 0 H 5 NH.+CH 3 coci=c 0 h 5 nh coch 3 +hci 

Aeetmilide 

C e H 6 NH(CH 3 )+CH 3 COC 1 =C 0 H b N(CH 3 )CO CH 3 +HC 1 

Methjhcetamlide 

Expt 141 — Add a few drops of acetyl chloride or acetic 
anhydride separately to aniline, metliylanihne, and dimethyl- 
aniline Warm for a minute over a small flame and pour into 
water In the case of aniline and methylanihne, solid crystal- 
line precipitates will be formed on rubbing with a glass rod, which 
are the acetyl derivatives of the two bases , but dimethylamline 
is unchanged and remains liquid 

Diazo-compounds — In i860, Gness, a German chemist, 
discovered what is known as the diazo-reaction, a process of 
fundamental importance, not only as an aid to organic synthesis 
among the aromatic compounds, but also as the source of-a large 
class of artificial dye-stuffs, known as the azo-dyes It has alreadv 
been stated (p 270) that if a niline is dissolv ed m hydrochloric acid 
and cooled, and sodium nitnte»solution.is. then added, nothing 
is observable but a slight change in the_ colour jaJ the solution, 
which becomes yellow A ne w subs tance-is. how’ever, present, 
viz the hydrochloride of a strong base It i s term ed diazo- 
benzene chloride, a nd the process i s c alled diazo tismg 

The process is usually conducted by dissohmg the equivalent 
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of one molecule of the base m two molecules of hydrochloric 
acid, and adding one molecule of sodium nitnte 

C G H 5 N Ho HC1 

= c g h b n, ci+ 2 h 2 o 

+N O OH Diazobenzene chlonde 

The group C 6 H 5 N T 2 is a basic .in x>up~which-jn av be compared 
wnh ammonium, XH 4 Like am monium , it doe s not exist m 
the free state, but forms a \ery uns tabl e riVdrb\i d e7~w Inch is an 
oil, and a series o f well-cr\stal hsed_salts , which are extreme ly 
solubjej n w at er 7 but notin alcohol or^ether — 

C a H s N 2 OH C c H s N 2 Cl ~C G H B N 2 NO a C b H b N 2 S0 4 H 

Diazobenzene Diazobenzene Dmobenzene Diazobenzene 

hjdroxide. chlonde. nitrate sulphate 

All the salts, m the dry .s tate, explode onjieatmg, or by shock, 
especially the nitrate, which detonates violently with a slight 
blow The formation of diazo-rompounds is a property of the 
majority of the aromatic annno-compounds 

Structure of the Diazo-compounds —The basic character 
of the diazo-group has suggested a formula, known as Blomstrand’s 
formula, in which the nitroge n atta ched, to thp— i tnd -j-nrh^ J_jg 
pentavalent, as in the ammonium sal ts , hence the compounds are _ 
so metimes caTled jdia zonium sa lts 

C c H s N "N 
I 

Cl 

Blomstrand s formula 

Reactions of the Diazo-compounds — Diazobenzene 
chloride maj be taken as typical of the diazo-salts It undergoes 
the following series of changes 

1 When boiled mth alcohol , effer\ escence due to liberated 
occurs ATtlTe same time reduction of the phenyl 
group to benzene takes place at the expense of the alcohol, 
which loses hydrogen, and isja xidised to aldeht d e 

C,H B NC1 

+h «!h= c ‘ h - +n » +hci 


Cohen s Cl Bk Org Chem 
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An alkaline solution of stannous hydrate can also be used 
2 If the^ aqueous _SQlution_ of diazobenzene chloride is boiled, 
nitrogen is evolved as before, and phen o l is "formed (p 270) 

CeHs ill C1 =C 8 H 5 (0H)+N 2 +HC1 
OH N H 

1^3 If a'solution _xif-potassiumliodide_is„a dded to diazobenze nc 
chloride and the mixture then warmed, the usual, effervescence 
from "escaping nitrogen occurs, and lodobenzene is for med 

C 6 H 5 N„ Cl + 101 = C c H 6 I+ N, + KCI 

In addition to {he abo\e, the following important reactions 
in which cuprous salts arc employed should be noted Tim 
are called, after their discoverer, Sandmeyer’s reactions, but in 
what precise manner the changes occur is not very clear It is 
certain that the copper salt forms an additive compound with 
the diazo-salt during the process 

If the diazo-salt is added to a solution of cuprous chloride in 
lydroclilonc acid, to cuprous bromide in hydrobromic acid, or to 
cuprous cyanide m potassium cyanide, the following changes 
accur 

4 C 0 H 6 N 2 C1 +CuC 1 =C 0 H 6 C1 +N 2 +CuC 1 

Chlorobenzene 

5 CaHjNjCl +CuBr=C 0 H 6 N 2 Br=C e H 6 Br+N 2 

4-CuCl Bromo 
benzene. 

6 C g H,N 2 C 1 + CuCN = C c H s N 2 CN= c c h b cn+n 2 

+CuC 1 Benzonitrile or 
Phen>lcj anide. 

Thej cuprous chloride, which is formed in each case, remains 
m solution 1 

All the above reactions mav be carried out without isolating 
the diazo-salt 

Expt 142 — Preparation of Chlorobenzene — Dissolve 40 grams 
of aniline m a mixture of no c c of concentrated hydrochloric acid 
and 80 c c of water and then cool quickly in a beaker, and stir so 
as to obtain small crystals Place the beaker m ice and salt and. 
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[whilst it is cooling, prepare a solution of cuprous chloride Dissolve 
1 30 grams of copper carbonate m 300 c c of cone hydrochloric acid, 
and boil with excess of copper turnings until a nearly transparent 
solution is obtained The solution is decanted into a large round 
flash (2 litres) which is loosely corked, and placed in ice Whilst 
this solution is cooling to o° the diazobenzene chloride is prepared 
f by adding the powdered sodium nitrite gradually to the aniline 
1 hydrochloride and stirring The temperature should not rise 
; above io° When three-quarters of the nitrite lias been added, 
1 t est o ccas ionally .with po tassium^io dide-s tarch^paner until a 
[drop gives an immediate deep blue or dark brown coloration 
{ Add this solution gradually m portions of about 20 c c at a time 
i to the cold solution of the cuprous chlonde, and shake up well 
'after each addition After standing a short time the liquid is 
| distilled m steam The distillate is shaken up with a little caustic 
•soda to remove phenol, and the chlorobenzene, which sinks to 
{the bottom, is separated The liquid is further extracted with 
fa little chloroform, which is then added to the chlorobenzene, 
[and the whole dehydrated with calcium chlonde The liquid is 
tdecanted, the chloroform distilled off and the residue collected at 
I25°-I35° The yield is about 30 grams 


Expt 143 — Preparation of Iodobenzene — Mix together m a 
large round flask 25 grams of aniline lvith 25 c c of concentrated 
sulphunc acid in 200 c c of water and cool to o° in a freezing mix- 
ture Stir whilst coohng, to produce small crystals of the sulphate 
Add slowly a solution of 18 grams of sodium mtnte in 40 cc 
of water, and if the temperature nses above io°, add a few lumps 
of ice When three-quarters of the mtnte solution has been 
added, test occasionally with potassium iodide-starch paper 
until a blue or brown stain is produced Now add a solution of 
45 grams of potassium iodide gradually, and, after well stimng, 
leave the mixture at the ordinary temperature for an hour, and 
then warm cautiously on the water-bath until effervescence 
ceases The liquid is dark coloured, and a black oil settles to the 
bottom of the vessel The oil consists of iodobenzene, and the 
dark colour of the solution is due to free iodine, which may be 
removed by the addition of a gram or two of. ■'odium bisulphite 
The mixture is now. distilled m steam The heavy oil, which is 
the iodobenzene, is removed with a tap-funnel, dehydrated over 
calcium chlonde, poured off and distilled It is a colourless 
liquid when pure and distils at 188 0 


Expt 144 —Preparation of Phenyl cyanide (Benzomtnle) — 
Fifty grams of copper sulphate are dissolved m 200 c c of water 


T 2 
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on the ualei-batli in a round flask (2 litres) Pure potassium 
cyanide (55 giams in 100 cc of water) is gradually added to 
the warm solution The cuprous cyanide dissolves in excess of 
the potassium cyanide As cyanogen gas is liberated the opera- 
tion must be conducted in the fume cupboard 

aCuS 0 4 +4KCN = 2C11CN+2 K 2 S 0 4 +(CN). 

The solution is left, whilst the aniline is diazotised Eighteen grams 
of aniline are dissolved in 45 c c of concentrated hydrochloric acid 
diluted with 150 cc of water, cooled in ice, and well stirred 
The mixture is kept cold whilst 16 grams of sodium nitrite 111 
40 c c of water is gradually added, until it gives an immediate 
coloration with potassium iodide-starch paper The diazo- 
solution is then added in portions of about 10 c c at a time to the 
warm cuprous cyanide solution, with frequent shaking A rapid 
effervescence occurs, nitrogen and some hydrocyanic acid being 
evolved When, in the course of about fifteen minutes, the 
diazo-solution has been added, it is left on the water-bath until 
effervescence ceases (£ hour) The liquid turns a dark colour, 
and a black tarrv deposit is formed The product is distilled in 
steant, This should be earned out in the fume cupboard, as nof 
onlv is hydiocyanic acid liberated, but also a small quantity of 
isocyanide, which is formed in the reaction, and produces ail 
intolerable smell The distillation is continued until no moie 
yellow oil passes over The phenyl cyanide is extracted with 
ether, dehydrated over calcium chloride and the ether distilled 
off on the watqf-bath The yield is about 15 grams 

Phenylhydrazine. .G tHr NH NH 2 , is obtained by the reduc- 
tion of diazobenzene chloride by means oFTtannous cliloride, 
dissoh ed in hvdrochlon clicld 

C # H 6 N 2 Cl+2SnCl 2 +4HCl=C 0 H B NH NH„ HCl-|-2SnCI 4 

Pheny lln d ramie 
hydrochloride 

Tim hydrochloride of phenylhy drazine is, formed, from which 
caustic soda liberates th e_ phenylliY _drazine as an oil, which j s 
ex tracted with e ther „ . 

Phenylhydrazine is extremeLy^poisonous, and care should be 
taken to keep it off the hands, especially if there is a cut or wound 

Expt 145 — Preparation of Phenylhydrazine — 1 w enty grams of 
aniline are dissolved in 170 c c of concentiated hydrochloric acid 
and cooled to o° 111 a freezing mixture The solution of 20 grams 
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of sodium nitrite in 100 c c of water is gradually added, the tem- 
perature being kept below io°, until a drop of the mixture, diluted 
w ith w ater, turns potassium iodide-starch paper blue To the mix- 
ture still cooled m ice, 120 grams of stannous chloride, dissolved m 
about an equal weight of conccntiatcd lndiochlonc acid, is added 
A thick white crystalline precipitate of phcnjllndra/mc li\dro- 
chlondc separates It is allowed to stand for half art hour and 
filtered at the pump , it is then separated as far as possible from 
the mother liquor, and transferred to a flask The free base is 
obtained by decomposing the hydrochloride with caustic soda 
An excess of caustic soda is added and the mixtuic well shaken 
The free base, winch separates as a reddish coloured oil, is cx- 



ti acted with ether, and the ethereal solution dehydrated over solid 
potassium carbonate ”1110 ether is then removed on the watcr- 
balli, and the residual oil either used without further purification 
or distilled under reduced pressure 1 lie yield is 15—20 grams 

The apparatus for distillation at reduced pressure is shown 111 
Fig 62 The flask is heated m an oil or paraffin-bath The 
condenser tube is shown at a It is an ordinary tube, but has 
a narrower piece fixed on to the end to fit into the neck of a 
second distilling flask The remainder of the apparatus needs no 
explanation Before heating the liquid it is advisable to introduce 
some bits of porous pot 

The Azo-colours —This important group of dyes is obtained 
b) adding the solution of a diazo-sall to an aromatic ammo- 01 
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hydroxy-compound, or to a derivative, usually the sulphomc 
acid The following experiments will illustrate the process 

Expt 146 —Dissolve a few drops of aniline in excess of dilute 
hydrochloric acid, and convert it into the diazo-salt by adding 
sodium nitrite solution in the usual way 

1 Pour a portion of llie liquid into a solution of dimethyl- 
aniline in a little dilute hydrochloric acid On the addition of 
caustic soda solution the yellow azo-colour is formed, which 
changes to the pink hydrochloride on the addition of hydro- 
chloric acid 

C 6 H 6 N 2 C1+C c H s N(CH 3 ) 2 =C 8 H 5 N N C 6 H 4 N(CH 3 ) 2 HC1 

Dimctlij lamino vobenzcne hj drochlonde 

2 Add another portion of the diazo-salt solution to ordinary 
phenol dissolved in caustic soda An orange colour is produced 
from the formation of the sodium salt of the hydroxyazo- 
compound 

C fi H 5 N 2 Cl+C # Hj(ONa)=C 8 H s N NC 6 H 4 (ONa)+HCI 

Sodium hjdrojcj azobenzene 

3 A derivative of an amino-compound may be used as the 
compound to be diazotised m place of a simple base like aniline 
Diazotise sulphamlic acid (aniline ^-sulphomc acid) with hydro- 
chloric acid and sodium nitrite m the same wav as aniline, taking 
care to avoid an excess of the nitrite Add the solution to di- 
methvlamline dissolved m hydrochloric acid The red colour is the 
free sulphomc acid of the azo-colour The sodium salt is pre- 
cipitated in orange crystals on adding caustic soda, and is known 
as methyl-orange, hehanthm or sometimes as tropaeohn, which 
changes to the red hydrochloride on adding hydrochloric acid 

SO a H C 6 H 4 N 2 C1+C 6 H e N(CH 3 ) 2 

=S0 3 H C e H 4 N N C 6 H 4 N(CH 3 ) 2 +HC1 

Meth>l orange 


QUESTIONS ON CHAPTER XXI 

1 Describe and explain the process of steam distillation 
How is it applied m the preparation of aniline ? What other 
method could be used on a small scale for separating the aniline ? 

/ 2 What reagents are usually employed for reduction of nitro- 
compounds to ammo-compounds ? Illustrate their use in 
reference to dinitrobenzene 
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3 A\hat are the principal reactions -which distinguish aniline 
and its homologues from ethylamme and its homologues 3 

4 How is dimethylamline prepared from benzene 3 Compare 
and contrast the behaviour of fatty and aromatic amines towards 
nitrous acid 

5 Describe the action of reagents on the primary, secondary' 
and tertiary ammo-compounds 

6 A\hat is the action of the following reagents on aniline 
( 1 ) sodium hypochlorite, ( 2 ) potassium dichromate and sulphuric 
acid, ( 3 ) the mineral acids, ( 4 ) the halogens 3 

7 "W hat is acetanilide how is it prepared, and for wliat purpose 
is it used 3 In what respects does it resemble acetamide 3 

8 What is the " diazo ” reaction 3 Indicate how it is applied 
to the preparation of hydrocarbons, phenols, nitriles (cyanides), 
and halogen substitution-products respectively 

9 By what process can acetylene be converted into benzene 
and benzene into phenol 3 

10 Calculate the quantity of hydrochloric acid and sodium 
nitnte required to convert 20 grams of aniline into phenol, and 
the theoretical amount of product obtainable 

11 What are Sandmcy er's reactions 3 Giv c some details of 
the preparation of chlorobenzene from aniline bv Sandmey-er’s 
reaction 

12 Describe the preparation of a solution of diazobenzene 
chlonde Explain what happens if ( 1 ) potassium iodide, ( 2 ) 
cuprous chlonde are added, and { 3 ) the aqueous solution boded 

13 How is phenylhy drazme obtained 3 Give a bnef account 
of its use as a reagent 

14 What is an azo-colour 3 Illustrate the formation by the 
action of diazolised sulphamlic acid on phenol 
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CHAPTER XXII 

THE PHENOLS 

Phenols — The name is gi\cn to the hydroxv-derivatn es of the 
aromatic hydrocarbons, in which the hydrogen of the nucleus is 
replaced by hydroxyl The simplest member of the group is 
ordinary' phenol, or carbolic acid, C s H s (OH) It is called a 
monohydnc phenol, by which is meant a phenol with one 
hydroxyl group, and conveys the same idea as monohydnc 
applied to ethyl alcohol (p 139) If more than one hydrogen 
atom m benzene is replaced by hydroxjl, the compounds are 
known as di- and trihydric phenols, cU 

G 6 H 4 (OH) 2 C„H 3 (OH), 

Dihj dric phenol 1 rihjdric phenol 

Structurally, the phenols are analogous to the alcohols, but, 
as the name carbolic acid implies, they possess a distinctly acid 
character, inasmuch as they form salts with m etallic h ydroxides. 
Ordinary phenol, though sparingly soluble ST water, ^dissoh es 
readily m caustic soda, and, on evaporating the solution, yields a 
solid sodium compound This is sodium phenate or carbolate, 
C„H 6 (ONa) 

Expt 147 — Add a few <j c of water to a few grams of ordinary 
phenol Little of the phenol dissolves , but the addition of 
caustic soda rapidly effects solution Divide the solution into 
two parts and add dilute sulphuric acid to one .and pass carbon 
dioxide through the other portion Provided the solution is 
sufficiently concentrated, phenol will be precipitated as an oil 
from both solutions 

sroo 
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Sources of the Phenols — Many of the phenols are formed 
ln-_the destruct ive dist illation„oLorganic. matter^ eg wood and 
1 coal Wood-tar and coal-tar arc rich m phenols, coal-tar being 
the mam source of ordinary phenol There arc two synthetic 
methods for the preparation of phenol , first the fusion of the 
sulphonate with caustic. al kali _ 

OjirljSO jNa -f- N aO H = C e H 5 ( O H ) -f- Na^SOj 
and second lhc^p^ompo^tmn-of-dia zorsalts with water ( p -574) 
C 6 H s N.C 1 +H 2 0 =C 6 H 5 ( 0 H)+N 2 +HC 1 

E\i>t 14S — Preparation of Phenol from Sodium benzene- 
sulphonate — Dissolve 35 grams of caustic soda in the smallest 
quantity of water (5 c c ) by heating m a silver or nickel basin or 
crucible and add 20 grams of powdered sodium benzenc-sul- 
phonate (p 253) The temperature of the melt, which during the 
process is kept constantly stirred, must not exceed 250° It is 
convenient to use the thermometer as «tirrcr, the bulb and part 
of the stem being encased m a glass tube closed at one end 
When the requisite temperature has been reached, a small 
flame is sufficient to maintain it The mass is first thick and 
pasty, but soon becomes semi-fluid and remains in this condition, 
gradually changing in colour from yellow to brown Towards the 
end of the operation (one hour) it regains somewhat its original 
consistency On cooling, the melt is dissolved in a little water 
and the alkaline reddish-brow n liquid (sodium phenate and 
excess of alkali) acidified with concentrated hydrochloric aud m 
the cold Phenol separates out as a light yellow oil, which is 
extracted three times with ether The ethereal solution de- 
hydrated over anhydrous sodium sulphate is distilled, first on 
the watcr-batli until the ether is removed, and then over the 
flame The portion boiling at i75°-i85° is nearly pure phenol 
It distils as a colourless liquid and solidifies at once on cooling 
and melts at 42 0 The yield is 6-7 grams <C A solution m water 
gi \es a violet coloration with feme chlomTe afld 5. white preT 
cipitate-of. tri bromophenol ^vyith^bromine yy ater 

Expt 149 — Preparation of Phenol from Aniline — Dissolve 25 
grams ofjinjJine.m.a mixture of 13 c c of concentrated~suiphuric 
acid and 500 c c of water and coni to th? ordinary temperature 
A sol uti on.- of. 18 grams of sodium __ mtnte in 40 cc of water 
gradually, added The clear liquid is then gently warmed on 
the water-bath until the evolution of nitrogen " ceases The 
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solution, w Inch has become verj dark coloured, is distilled m 
sEe am jj mti l the distillate produce s only a s light precipitate with 
bromi ne water A smair'quahtity of tarry residue remains 
me distillate is then extracted three times with small quantities 
(50 c c ) of ether The ethereal solution is dehydrated ov cr 
anhydrous sodium sulphate, filtered, and the ether removed on 
the water-bath The phenol is then distilled over the flame 
with a condenser tube, and collected at i8o°-x 85° The dis- 
tillate solidifies on cooling The yield is 10-15 grams 

Ordinary Phenol, Carbolic acid, Phenic acid.Hydroxybenzene, 
C 6 H s (OH) — Phenol was discovered by Runge m r$34 in coal-tar, 
which is the present source of the substance The middle or 
carbolic oil (p 247), obtained in the distilla tion of coal-tar, 
contains the greater part of the phenol I tis~shaken~up~w ith 
j 11st sufficient caustic soda, solution to di ssolve tliephenol The* 
alkaline liquid is then removed from the~undissolved oil, which 
is subsequently worked up for naphthalene (p 304) and acidified 
vv itl^sulphuncjacHL- The crude phenol separates on the “surface 
as a dark-coloured oil and, after standing, is carefully removed 
and distilled The distillate constitutes the crude carbolic acid 
of commerce In order to obtam the colourless crystals of the 
pure substance, the crude ca tholi c acid is fraction ated, when the 
greater part of the distillate solidifies on cooling 7 >r freezing, 
and any residual liquid is drained off One ton of coal yields 
about ii lb of phenol 

Phenol forms large, colourless crystals, which melt at 42 0 and 
boil at 183° On exposure to air and light it turns a pink colour 
Phenol has the well-known smell associated with sanitary dis- 
infecting preparations", tor which" it is largeIy~u§Sd' Carbolic 
powders'are'made bylnixing phenol with a v anety of ingredients, 
such as china claj, etc Pure phenol ha s-a-stronglv corrosive 
a ction o n the skin, pro ducin g: sores wh i_c h heal with diffi culty*"" 
A verj dilute solution (3 per cent ) is therefore used for washing 
wounds or cleansmg ^tHeTskipr Taken internally it acts as a 
strong po ison " 

Phenol is* used in the manufacture of salicylic acid ( p , 297), 
picric acid (p 283), phenacetm (p 283), and for other purposes 

N itrophenols,— S trong m tnc acid attacks phenol v igorouslv 
- and forms resinous products In order to obtain tKe mono- 
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nitro-derivatives, the nitric acid is somewhat diluted with, water 
and the phenol is slowly added ‘Both ortho- and para-mtro- 
phenols are formed 


Expt 150 — Preparation of 0- and ^-Nitrophenol — Mix 50 c c 
of concentrated nitric acid with 170 cc of water and gradually 
add 40 grams of melted phenol, cool in water and shake well 
after each addition On the addition of the phenol, the liquid 
immediately changes to a deep brown or black colour, and a heavy 
dark-brown oil separates out When the phenol has been added, 
the mixture is allowed to stand for 12 hours The oil has by that 
time collected at the bottom cf the vessel, and may be freed 
from acid by decanting and pouring in fresh water three or 
four times The contents of the flask consist of nearly equal 
quantities of para- and ortho-mtrophenols mixed with resinous 
products In order to separate the two isomers, the product 
is distilled in a current of steam (Fig 61, p 263) until the 
distillate is almost colourless The ortho-compound distils in 
the form of a yellow oil, which may sohdify m the condenser, m 
which event the water is temporarily run out of the condenser 
The solid in the receiver is separated by filtration and dissolved 
in spirit at 40°, to which water is then added, drop by drop, until 
a turbidity is produced The yield is 15 grams of sulphur- vellow 
needles, m p 45 0 The solid residue contains the para-compound 
mixed with black, resinous substances, from which it is separated 
by repeatedly extracting with boiling water The united portions 
of the aqueous extract are boiled with animal charcoal for half 
an hour in a large basin, and filtered through a fluted filter 
moistened -with water The filtrate is made alkaline with caustic 
soda solution, and concentrated to a small bulk (100 cc) If 
tarry matter separates, it must be filtered through a ivet filter 
To obtain the free para-compound, the concentrated aqueous 
so ution of the sodium salt is cooled, and the separated sodium' 
salt filtered The crystals are dissolved and acidified with 
concentrated hydrochloric acid, and the mtrophenoj, which 
separates, is filtered and recrystallised from hot water The 
yield is 10 grams It crystallises in colourless needles, m p 114’ 


c 6 h s oh+hono 2 =hoc 6 h 4 no 2 +h 2 o 

Phenol. Nitropheno! 


^-Nitrophenol is used in the preparation of phenacetm, 
^-acetammophenyl ether, C 2 H 5 0 C 6 H 4 NHCOCH 3 


or 


Picric acid, 2 4 6-Trmitrophenol, C 6 H 2 ( 0 H)(N 0 2 ) 3 , is the 
hnal product of the direct nitration of phenol, and is also formed 
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when nitric acid acts on many organic substances, such as silk, 
wool, leather, etc 

In the manufacture of picric acid, phcnolsulphonic acid is 
nitrated in place of phenol, and the formation of tarry ,and 
resinous by-products is thereby avoided % 

Phcnolsulphonic acid is obtained by warming phenol with 
sulphuric acid on the water-bath (both ortho- and para-sul- 
plionic acids are formed, the ortho-compound predominating 
when the action occurs at a low temperature, and becoming 
gradually transformed into the para-compound at ioo°) The 
phenolsulphomc acid is then added slowly to strong nitric acid 
and subsequently heated 

C 6 H 4 ( 0 H)S 0 3 H+ 3 HN 0 3 =C 6 H 2 ( 0 H)(N 0 !! ) 3 +II 2 S 0 1 + 3 H !! 0 

Phenol'iilphonu. acid Picric aud 

Expt i=;i — Preparation of Picric acid — Twenty-five giams of 
phenol and 14 c c of concentrated sulphuric acid are heated 
together in a porcelain basin for a few minutes, until a clear 
solution of phenol sulphonic acid is obtained It is diluted with 
half its volume of water, then well cooled, and slowly added, in 
small quantities at a time from a tap-funnel, to 70 c c of con- 
centrated nitric acid contained in a flask (1 litre), and well shaken 
J he liquid assumes a deep red colour, a considerable nsc of tem- 
perature occurs and red fumes arc evolved When the phenol 
sulphonic acid has been added the flask is placed on the watei- 
bath and heated wnth the addition of 20 c c of fuming nitric 
acid for 1-2 hours On cooling, picnc acid separates out as a 
\ellow crystalline mass It is diluted with water, filtered at 
the pump and washed free from the mother liquor with cold 
water It is then punfied by recrystalhsation from a large 
quantits of hot water acidified with a few drops of sulphuric 
acid The yield is about 30 grams It forms yellow crystals 
which melt at 122 0 

Picric acid is a strong acid which explodes violently on detona- 
tion and is used m the c\plosi\es known as lyddite and melinite 
It is a strong acid and forms a series of salts many of which explode 
on heating and on percussion Picnc acid is also used as a yellow 
d\c 

The cresols arc In droxj -toluenes, CIIaCgHtOII and occur 
' m the higher boiling fractions of coal-tar phenol 
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The dihydroxA benzenes exist m three isomeric forms , the 
ortho-compound is called catechol, the meta, resorcmol, and the 
para, quinol 


OH OH OH 



Catechol. Resorcinol Quinol 


Catechol, C 6 H 4 (OH) 2 , was originally obtained by distilling 
catechu (the extract o£ the Indian Acaaa catechu), and by 
fusing certain natural resins with potash It is also prepared 
from 0-phenolsulphomc acid by fusing the potassium salt with 
potash 

C 0 H 4 (OH)SO j K+KOH=C c H 4 (OH) s +K.SO 3 

Potassium i>-pheuol C itechol 

sulphonate. 

The best method, however, is to oxidise o-hydnm benzalde- 
h\de with an alkaline solution of hydrogen peroxide 

C c H 4 (OH) CHO + I-LO, = C c H 4 (OH), + H CO.H 

Catechol rormicacul 

Catechol crystallises in colourless plates which melt at 104° 
It gives wnth feme chloride a green coloration, which changes 
to red on the addition of sodium bicarbonate solution This 
reaction is characteristic of all ortho-dihydnc phenols Catechol 
reduces Fehling’s solution 

Resorcinol, C c H 4 (OH) 2 -'-Resorcinol can be obtained by a 
\ anety of synthetic methods The industrial process is to fuse 
the sodium salt of wz-benzenedisulphomc acid (p with 
caustic soda - 3 ' 


C c H 4 (S 0 3 Na), + aNaOIl = C f H 4 (OH). -J 2Na.SC), 

Resorcinol crystallises m colourless needles which melt at 
119 t has a sweetish taste, and is \er\ soluble in water, 
llie reactions of resorcinol resemble those of phenol 

H,«nK°J Cm0 Vi S USed ln the P re P ara tion of fluorescein, which 

green fluorescent CaUSt,C alU “ and m alcoho1 Wlth a bnlhant 


286 


A CLASS BOOK OF ORGANIC CHEMISTRY 


CHAP 


Expt 152 — Heat together over a small flame about o 25 gram 
of phtlialic anhydride (p 301) and o 5 gram of resorcinol for 
a minute, taking care not to raise the temperature too high It 
is advisable to hold the test-tube a little above the flame Let 
the mixture cool, dissolve it m a little caustic soda solution, and 
pour it into water The liquid show s a brilliant green fluorescence 

Quinol, Hydroquinone, C G H 4 ( 0 H) 2 — Qumol is occasionally 
found among vegetable substances It is present in bearberry 
in combination with glucose, as the glucoside, arbutin It is 
usually obtained from quinone, C c H, 0 2 (see below), bv reduction 
with sulphurous acid, and extraction with ether 


C a H 4 0 2 +H»0+HjS0 3 =C B H # 0,+H 2 S0 4 

Quinone Quinol 

E\pt 153 — Dissolve a few of the yellow crystals of quinone m 
water, and pass m sulphur dioxide The quinone is reduced 
Extract with a little ether and decant the ethereal solution on to 
a w’atch-glass On evaporation, colourless crystals of quinol are 
deposited 

Qumol is readily oxidised to quinone by ferric chloride and 
other oxidising agents 

Expt 154 — Dissolve a few* crystals of quinol in water, and add 
a few drops of ferric chloride The solution turns yellow and 
contains quinone The dirty-green coloration, which is observed 
on first adding the ferric chloride, is due to the formation of a 
compound of quinol and quinone, known as quinhydrone, 
C e H 4 0 2 C s H 4 (OH) 2 Extract with ether as m Expt 153 

Qumol crystallises in colourless needles which melt at 169° 
It is very soluble in water, and its reducing properties m alkaline 
solution render it a useful photographic developer 

Quinone, C 6 II 4 0 2 , was onginalh obtained by the oxidation 
of quinic acid (p 319), which is found in cinchona bark associated 
with the cinchona alkaloids (p 319), but has chemically no'con- 
nection with the alkaloid, quinine It is formed when quinol is 
oxidised , but it is usually prepared by the oxidation of aniline 
in the cold, with potassium dichromate and sulphuric acid 
The dark product is extracted with ether, which dissolves the 
quinone, and on remoung the ether, benzoqumone crystallises 
in golden-j ellow prisms, which melt at ti6° and sublime without 
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decomposition, emitting a peculiar smell and acrid vapours 
is represented as a diketone 

CO 

HC,/\CH 


HCl^'CH 

CO 

Quinone. 

The three tnln dro\ybenzenes have the following structural 
formulae and names 


OH 

/\ 


OH 

'\ 0 K 


PjTogallol Phloroglucmol 124 Tnhj tlrovj benrene 

Pyrogallol, Pyrogalhc acid, C 0 H-»(OH) 3 — Pjrogallol was 
first obtained by Scheele in 1786 by heating gallic acid, and the 
process is still used for its preparation When gallic acid is 
heated it loses carbon dioxide 

C 6 H 2 (OH) 3 CO a H==C c H 3 (OH) 3 +CO. 

Gallic acid P\ rogaJlol 

Pjrogallol -melts at 132 0 and is ver> soluble m w T ater In 
alkaline solution it rapidly absorbs oxjgen 
| and darkens in colour Among the products 
A of oxidation, acetic acid, carbon dioxide, and 
1 a 1,ttle carbon monoxide have been detected 

jp ‘“T The property is utilised m gas analysis for 
estimating oxj gen 

Expt 155 — Take a long tube closed at 
If one end and furnished with a cork holding a 

glass tap (Fig 63) Introduce a few grams of 
< > pyrogallol, and then fill the tube w ith oxygen 

from a cylinder Quickly introduce a little 
, --jPgUL 'solution of caustic soda, close the tube and 
shake for a minute On opening the tap under 
water, water rapidly ascends the tube, indica- 
te 63 ting absorption of oxygen gas 


OH 

124 Tnhjdrov} benzene 


--“/ft 


t l<a 63 
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Pyrogallol reduces gold, silver, and mercurj solutions, and is 
extensu elv used as a photographic de\ eloper 


QUESTIONS ON CHAPTER XXII 

1 Explain the meaning of the term phenol Compare and 
contrast amyl alcohol and prdinarv phenol 

2 . Give examples of mono- di- and tri liydric phenols Name 
anj' properties by which a phenol ma} be distinguished from a 
member of any of the previous groups of compounds, and dense 
a method for separating ordinary phenol from (x) benzene (2) 
chlorobenzene (3) nitrobenzene and (4) aniline 

3 Give a list of the natural sources of the phenols, and describe 
the preparation of carbolic acid from coal-tar 

4 In w hat manner may the phenols be obtained from the hydro- 
carbons 7 Mention two methods 

5 Describe a method for separating the phenols from organic 
acids Illustrate this m the case of a mixture of acetic acid and 
carbolic acid 

6 How can phenol be (1) obtained from benzene and aniline 
and (2) converted into benzene and aniline 7 Describe the action 
of the following reagents on phenol (1) caustic soda, (2) bromine 
(3) phosphorus pentachlonde, (4) nitric acid, 15) sulphuric acid 
and (6) acetyl chloride 

7 How are the two monomtrophenols obtained 7 How are the 
ortho- and para-compounds distinguished and for what purpose 
is the para-compound employed 7 

8 Describe the preparation of picric acid Why is it termed 
an acid 7 Compare it with carbolic acid What are its technical 
uses 7 

9 How is pyrogallol obtained 7 For what purpose is it used 7 
What is its structural formula 7 

10 What is the relation of quinol to quinone 7 How can they 
be com erted into one another and how can the} be distin- 
guished 7 
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THE AROMATIC ALCOHOLS ALDEHYDES, AND ACIDS 

Benzyl alcohol, QH S CH.(OH) is an evample of an aromatic 
alcohol and is isomenc with the cresols It is found in Peru 
and Tolu balsam and in stora\ (the exudation from Sty rax 
ojj~a) ahs, a shrub which grows m the East) as the benzjl ester 
of benzoic and cinnamic acids 

Benzjl alcohol is most easilj prepared bj boiling benzjl 
chlonce with a solution of potassium carbonate until the pungent 
smell of the chloride vanishes 

2C„H S CH;Cl- r lv 1 COj- r HjO=s2C s H 5 CH.(OH)-f 2KCI J-CCX 

l a'co’-ol 

Eypt 156 — Preparation of Benzyl alcohol — In a round flash 
(I litre) attached to a reflux condenser, boil over wire-gauze a 
mixture of zo grams of benzv 1 chloride and 16 grams of potassium 
carbonate m 200 c c of water with the addition of a few bits of 
porous pot The boiling must be continued until the smell of 
benzjl chloride has disappeared (6-S hours) Extract the liquid 
with ether, dehj drate o\ er potassium carbonate, decant through 
a filter and distil off the ether on the water-bath Continue the 
distillation over wire-gauze, run the water out of the condenser 
and collect at 200 —210° The yield is 12—15 fleams On w arming 
with strong hvdrochlonc acid 'it is converted into benzjl chlonde 
(compare ethv 1 alcohol and hj drochlonc acid) * 

C 6 H s CH.OH-fHCl=C-H s CHjCI-r-H.O 

Benzaldehyde, Oil of Bitter Almonds, C«H S CHO —Few 

compounds ha\e piaj-ed so important a r 6 h m the development 

of organic chemistrj as benzaldehj de, whether we consider it 

nistortcaUj, as affording bj its chemical changes the first clear 
Ccaii.CtBc.0-g cu=. 0 
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li quid t o prevent oxidation of the benzaldehvde b 

oxygeirTitim "tlreraft ~L)uring the process nitrous fumes are 
i slowly evolved When the reaction is complete the contents 
of the flask are extracted with ether, and the yellow oil remaining, 
after distilling off the ether, is well shaken with a satuiated 
sol ution of sodium bisul phite and allowed to stand for a time” 
The colourless crystalline ^ mass which s eparates is filtered, 
washed with a little alcohol and ethei, and then drained on a 
porcelain filter The aldehyde is regained by adding dilute 
qiilphucjo-aniri- in , excess and distilhngl in _steam The distillate 
is extracted wuth ether, dehydrated over calcium chloride, de- 
canted, and the ether distilled off The yield is about 15 grams 

aCfHjCHXl + Cu(NOjj) 2 = 2C 6 H 5 COH + C11CI. + aHNO, 
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It is manufactured on a large scale from benzal chloride by 
heating it with milk of lime under pressure, m an iron y essel * 

CgHjCHCl. -f H.Oj- CaO = C { H s CHO + CaCL -f H a O 

Benzaldehy de can be readily purified b\ com erting it into the 
crystalline bisulphite compound which is washed with ether to 
remote impurities and then decomposed with dilute sulphunc 
acid m a current of steam 

C t H 1 CH(0H)S0 3 Xa-t-H i S0 4 s=C < H J CH0-rXa i S0 < 4'H.0- s -S0 s 

Expt 159 — Shake up a few- c c of benzaldehy de with an equal 
\ olume of a strong solution of sodium bisulphite It lmmediatelv 
sohdifies to a mass of crystals of the bisulphite compound 

' Properties of Benzaldehy de —Benzaldehy de is a colourless 
liquid, which boils at 179 0 and possesses a fragrant cmrlL^ f- 
mt ter almonds It quickly oxidises on exposure to the air and 
forms^ penzoic acid A bottle of benzaldeh\de will generally 
contain cry stals of benzoic acid m the neck 

Bcnzaldeh^d e^aue g-Schiff s reaction (p 50) It \cr\ slowly 
reduces ammo nia-sih er nitrate and alkaline copper solution, 
a facTwhich ma\ be lnpaft accOrmted~foM>y-Tts~TrKOlabTirfC in 
water It forms-& _biail phite compo und descnbed m Expt 159 
an d a c\ anhydnn w ith hydrocyanic acid 

C e H s CHO -i-HCX =C 6 H „CH(OH)CX 

Berri.oelsj’de cva->* % cnr 

With phern Ihy drazme benzaldehy de forms a phen\ lh\ drazone 
QH S CH.X NHCgHj * ~~ ~ J 

Expt 160 Make a dilute solution of phenylhy drazme acetate 
(d 51), and add it to a drop of benzaldeh} de A yellow, crystal- 
line precipitate of the hy drazone is thrown down 

^l*h h^drovvjaimne, — benzaldel*y 4 e-— auel ds benzaldoxim e, 

QH3CH X OH ~ 

C t H„CH 0 -r H.'XOH=C e H J CH XOH-fH.O 

B»iia ? doxirrjs 

So far benzaldehy de exhibits a c lose.correspondence with t he 
gltphatic ajdefodes Jt is distmguTsWf from them by its be- 

t musti c alkalS’^ V^eiTstroST 
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ammonia solution ls.a dded-io-Jjen zaldehyde, a c rysta lline co m-_ 
pound is grad uall^uieposite.d. jyhich _is not an aldeKyBe^ammonia, 
' but a- substanc&Jtnown .as, hvdrobenzamide. which is formed as 
follows 

3 C 8 H 5 CH 0 + 2 NH 3 =(C a H 5 CH) 3 N a + 3 H 2 0 

Hydrobenzamtde 

Expt 161 — Add 5 c c concentrated ammonia to i c c benzal- 
dehyde, cork up and leave two days Crystals of hydrobenz- 
amide will be deposited 

Caustic potash breaks up benza ldehvde in to a mixture of 
benzyl alcohol and potassium benzoate Two' molecules of benz- 
ardehydeTalce part "in" the reaction, one molecule being oxidised 
to benzoic acid at the expense of the other, which is reduced to 
benzyl alcohol 


C 0 H 6 CHO+C„H s CHO 
+ OK H 


- C 0 H 5 CO»K -I- C 6 H s CH 2 (OH) 

Potassium Benzyl alcohol 

benzoate 


Expt 162 — Shake up together 10 grams of benzaldehyde with 
9 grams caustic potash in 6 c c of water until a permanent emul- 
sion is formed, and let it stand 3-4 hours Dissolve the solid pro- 
duct in a httle water and shake out with ether twice On acidifying 
the aqueous portion with hydrochloric acid, benzoic acid is 
precipitated Filter and wash with a httle cold water and dry 
Distil the ether from the ethereal solution The residue is benzyl 
alcohol 

The Aromatic acids derive their properties as acids from 
the presence of the carboxyl group, which may be either in the 
nucleus or side-cham of the aromatic compound The isomers, 
toluic and phenylacetic acid are examples of the two classes of 
compounds 

(CH 3 )C e H 4 CO a H C 0 H 5 CH„ C 0 2 H 

Toluic acid Phenylacetic acid 

The general properties of both classes resemble those of the 
aliphatic acids They form salts with metals, esters with the 
alcohols and acid chlorides, anhydrides, and amides by similar 
methods The following derivatives of benzoic acid may be taken 
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by way of illustration, by the side of which the corresponding 
derivatives of acetic acid are < placed for comparison 


C 6 H fi CO ONa Sodium benzoate 
C 6 H S CO OC 2 H 5 Ethyl benzoate 
C 6 H s CO Cl Benzoyl chloride 

C 6 H 5 CO 

'So Benzoic anhydride 

c 6 h 5 o> 

C 6 H s CO NH. Benzannde 


CHj CO ONa Sodium acetate 
CH 3 CO OC 2 Hj Ethyl acetate 
CH 3 CO Cl Acetyl chloride 
CH s CO 


> 

CH a CO 

ch 3 CO nh 2 


Acetic anhydride 
Acetamide 


Any difference in properties between the aromatic and aliphatic 
acids may generally be ascribed (1) to the larger proportion of 
carbon to carboxyl in the aromatic acids, which decreases the 
solubility in water, (2) to the higher molecular weight, which 
renders the substance less volatile (the aromatic acids are crystal- 
line solids) , (3) to the presence of the benzene nucleus, which 
increases the strength of the acid 
The aromatic acids, like the hydrocarbons, are acted upon 
by chlorine, bromine, and nitric and sulphuric acids, and give 
substitution products from which ammo-acids, hydroxy-acids, 
and other derivatives may be obtained by means of the reactions 
already studied 


./ 


C q H s C 0 2 H 

Benzoic acid 


(HNO a ) 

/NO, 

C 6 H 4 v 

x co 2 h 

Nitrobenzoic tad 


\ 


(H 2 so 4 ) 

/S 0 3 h 

c 6 h 4 < 

x CO„H 

Sulphobenzoic acid 


(Cl 2 ) 


/ 

4 \, 


-Cl 


C n H_ _ 

XOjH 
Chlorobenzoic icid 


By replacing more than one hydrogen atom by carboxyl, 
either in the nucleus or side-chain, polybasic acids are obtained 
Examples of dibasic acids are the three phthahc acids (p 259) 
The carboxyl is readily replaced by hydrogen by distilling the 
acid (or its calcium salt) with hme or, in some cases, by the 
action of heat alone An example of the first is benzoic acid, 
which gives benzene on distillation with lime (p 242) , of the 



294 


A Cl \SS BOOK OF ORGANIC CHEMISTRY 


CHAT* 


second, gallic acid, which loses carbon dioxide on simph heating, 
forming pi rogallol (p 287) 

Man) of the icids are found m nature as constituents of plants 
and, otcasionalh, of animal products \s a rule, the) arc 
more rculil) prepared b> one or other of the numerous synthetic 
methods, which are described under benzoic acid 
z Benzoic acid, C e II s C 0 2 H, has long been known, and was 
^ori ginally obtained b\ heating gum-benzoin , a resin obtained b> 
incisions made into the stem ot Sly ra\ benzoin, a tree which is 
indigenous to Sumatra and Ja\a The true composition of 
benzoic acid w is determined b\ Liebig and Wohler in 1832 
J’hcv disco\cred >omc of the dcn\ati\cs enumerated abo\c 
(p 289) and main other-*, and showed that the same group of 
elements, C-II 6 0 (now written C B H.,CO) which thej termed 
benzoyl, ran through the whole scries of compounds These 
were the facts which they embodied m their classical research 
on “ The Radical of Benzoic Acid,” w herein thc\ placed the 
thcorj of the compound radical for the first time on a secure 
foundation 


E\.pt 163 — The formation of benzoic acid from gum-benzoin 
is reidily shown as follows Place a little of the resin m a porce- 
lain basm, cover it with a cone made out of filter paper and heat 
the basin gently on a sand-bath over a small flame The resin 
.fuses and crystals of benzoic acid sublime into the paper cone, 
emitting a smell resembling incense.* - — 

Benzoic acid is present in the resin chiefly in the form of the 


ester of benzyl alcohol A small amount of the same ester is 
also found in Peru and Tolu balsam Another source of benzo ic 
acidjs hippunc acid, which is present in the uri ne of horses a nd 
cattle and other herbivorous animals, and has already Ueeif 
referred to under glycine (p 233) 

Preparation of Benzoic acid — Benzoic acid is obtained 


by the following general synthetic methods, which may be applied 
to tne preparation of other acids of the series 
.} 1 By hydrolysis of p henyl cy anide, or benzomtnle, usually 
by boiling wth moderately strongsuIpRuhc acid (p 78) 


C 6 H s CN+2H s O=C 6 H s co 2 h+nh s 

Benzonitrile Benzoic acid 
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-Vs the cyanides are easily obtained from the ammo-compounds 
bv means of the diazo-reaction, the method is available both 
for preparing the acid and its deriv ativ es 

Expt 164 — Add 4 c c of water to 6 c c of concentrated sul- 
phuric acid and to the mixture add about 2 grams of phenyl 
evamde (p 275) and boil gently until the oily drops disappear 
On adding a little water and cooling benzoic acid crystallises 

2 Bv the oxidation of afom.itu compounds containing one, 
side-chain, and even more readily if the side-chain is substitute d.. 
T oluene can be o .xidised-lo-bcnzoic-iiad- b\ heating it with 
dilute nitric aud in a sealed tube , but if benzyl ch loride, ben zyl , . 
alcoh ol or benzaldehydc is taken ..- the reaction is facilita ted, 
and boiling with potassium permanganate is sumcicnlTtb^ffect 
oxidation 

The reaction with bcnzvl chloride probably occurs 111 two steps 


1 2C # H 5 CH.C1+ Na 2 C 0 3 +H. 0 =2C 6 H 5 CH,OH+2NaCl +CO . 

2 3C 6 H J CH 2 OH+4KMnO | t= 

3C 6 H„CO s K+4MnO_+KOH +4 1 I O 

E\m 165 — Preparation of Benzoic acid — ITve grams of 
benzyl chloride and \ grams of anhydrous sodium carbonate 
m 50 cc of watci arc mixed m a lound flask (] litre) 
attached to a reflux condenser, and boiled gently ovci 
wirc-gauzc, whilst a solution of 8 5 grams of potassium pci- 
manganatc in 150 c c of water is gradually diopped 111 from a 
tap-funnel pushed through the top of the condenser In the 
course of 2-3 hours the pink colour of the permanganate w ill 
have vanished and been replaced by a mass of dark brown pre- 
cipitate of manganese dioxide When the liquid is cold, a sticam 
of sulphur dioxide is passed in until the manganese dioxide is 
dissolved as manganese sulphate The liquid is allowed to cool 
and the benzoic acid, which separates, is filtered at the pump 
washed with a little cold water, and recrystalliscd from hot 
water , nip 121° The yield is theoretical 


B en/oic aud is 
tri chlorid c-bv-Jiea.t 


l uf a r. i . urrd ui L/t large sc ale from benzo- 
vith milk of lime ' 


2C„H 6 CCl-H- |CaO=(G 5 H 6 COo) 2 Ca-l- 3 CaCl 2 

Calcium benzoate 
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TJjeJunP-^U-^—decQmposed by_acid, jipd the-henzcui^acid 
crystallises-out It form L-ColQ-Urle^L-needles, which melt at 
I2i°-i22° and boil at 250° Benzoic acid is \ olatile in steam^aod 
its -.vapours-affect-th e, throat and nose, produc ing coughing and 
■s neezing It is soluble m hot.M.t -sbarin gl.v spin coIdlvaterra hH^ 
it dissolves r m _alcoho l and ..ether. The insolubility of the majority 
of aromatic acids in water and their solubility m ether enable 
them to be separated and distinguished from many of the 
simpler aliphatic acids and hydro\y-acids Benzoic acid forms 
well-defined salts. The calcium salt crystallises in long needles 
Ferric benzoate is precipitated as a brown, amorphous powder 
from neutral solutions with ferric chloride The acid is separated' 
and precipitated from the salts on the addition of hydrochloric 
acid 


Aromatic Ketones 

The aliphatic ketones contain two alkyl radicals linked by a 
ketone group In the aromatic ketones one radical is aromatic, 
the other may be aliphatic or aromatic Acetophenone, or phenyl 
methyl ketone, and benzophenone, or diphenyl ketone, are tw r o 
typical examples of aromatic ketones 

C 6 H 5 CO CH 3 C 6 H 6 CO C g H s 

Acetophenone, or Benzophenone or 

Phenjl methjl ketone Diphenj 1 ketone 

The aromatic ketones are usually crystalline substances with 
a pleasant smell and in chemical characters resemble the 
aliphatic ketones The methods of preparation will be illus- 
trated m the case of acetophenone and benzophenone 

Acetophenone, Phenyl methyl ketone, C 6 H 5 CO CH„, is ob- 
tained by distilling a mixture of calcium benzoate and acetate 

(C S H S C0 2 ).Ca 

— , — 2C 6 H S CO CH 3 -f aCaCOj 

(CH 3 CO 0) 2 Ca Acetophenone. 

A more convenient method is that of Fnedel and Crafts 
already referred to (p 254), m which a mixture of benzene, 
acetyl chloride, and aluminium chloride are allowed to react 

C 8 H 6 +C1C0 CH,[ +A1C13J=C 6 H b CO CH 3 +HC1 
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When the reaction, which proceeds spontaneously, is complete, 
the product is shaken with caustic soda solution, and the undis- 
solvcd oil removed and distilled 

\cetophcnonc is a colourless, crystalline compound with a 
fragrant smell It melts at 20° and boils at 202° It is some- 
times used as a hjpnotic, under the name of hypnone On 
reduction it yields the secondary alcohol, phenylmcthylcarbmol, 
C c H 5 CH(OH) CH 3 , and on oxidation, benzoic acid, the aliphatic 
side-chain being removed Acetophenone forms an oxime and 
a phenylhydrazone, and possesses the general characters of an 
aliphatic ketone 

Benzophenonef, Diphenyl ketone, C 6 H S CO C 6 H 6 , is obtained 
by distilling calcium benzoate, and b> the action of benzoyl 
chloride, or carbon} 1 chloride, on benzene in presence of aluminium 
chloride 

C 6 H 0 +CICO C 6 H s [ +AlCI a l=C B H 5 CO C„H S +HC1 
2C 6 H 6 +C061 a [ +AlCl a ]=C c H 5 CO c 0 h 5 + 2 hci 

It is a fragrant-smelling, crjstalhne substance, which melts 
at 48° and boils at 162° 

Salicylic acid, o-Hydroxybenzotc acid, C c II 4 (OH) COJI, is 
found as the methyl ester, CJI^OH) CO.CII,, in oil of w’mter- 
green, a fragrant liquid w filch is extracted from a heath (Gaul- 
therid procumbent) grown in the United States and Canada 
It is used for flavouring confectionery It readily jiclds the 
acid on hydrolysis A variety of synthetic methods exists for 
preparing salicylic acid, which a little reflection will suggest, 
but the manufacturing process, which is known as Kolbe’s 
reaction, after its discoverer, is a peculiar one and unlike any 
previously described 

The process consists in heating to i2o°-t 3 o 0 dry sodium phenate 
with carbon dioxide in closed vessels under pressure It actually 
takes place m two steps In the first reaction, sodium phenvl 
carbonate is formed 

C«H 8 0 Na-fC 0 2 =C c Hj 0 CO ONa 

Sodium phen>l 
carbonate. 

Then, at the high temperature of the reaction, an intramole- 
cular change occurs, whereby the carboxyl group replaces 
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liydrogen of the nucleus m the ortho-position to the hydroxyl 
group 


/Nv o COONa 

/X 0H 

U h 

^ylco ONa 

Sodium phenj 1 carbomtc 

Sodium saticjlatc. 


It is an interesting fact that if potassium phenate is heated 
to 220° m carbon dioxide, the product is exclusiveh the para- 
( (impound, or if potassium salicvlatc is heated to the same 
temperature, it is converted into />-h>drox\ benzoic acid 

Expt 166 — Preparation of Salicylic acid — 11 ns preparation 
should be commenced fiist thing m the morning Dissohe 10 
grams of caustic soda m about io c c of water m a small porcelain 
basin and add 23 grams of phenol Heat the basm on wire-gauze 
over a very small flame, and, whilst holding it firmly with a small 
clamp (tongs are too insecure), keep constantly stirring with a 
glass rod After a short time the mass befcomes stiff and balls 
together N The basin should now be removed from the gauze, 
and the mass stirred and broken up as it cools W hen still w arm, 
it is sufficiently hard to powdei in a mortar It is quickly 
pow'dered and transfened to a small retort (200 c c ) heated m an 
oil- or paraffin-bath to i3o 0 -i40 0 , ancj dried by passing over it a 
fairly rapid current of drv hydrogen from a Kipp In about an 
hour all the moisture wall be removed, and the body of the retort 
will appear dry The light-coloured mass m the retort is allow ed to 
cool whilst the lijdrogen is passing through, then broken up and 
shaken into a mortar when it is quicklv powdered and replaced 
The object of the abo\e operation is to obtain perfectly dry , 
uncharred, and well-powdered sodium phenate, upon which the 
success of the preparation entirely depends A moderate stream 
of carbon dioxide, dried through concentrated sulphunc acid, is 
now passed over the surface of the sodium phenate by means of 
a bent tube fixed through the tubulus of the retort, and ter- 
minating just above the substance The temperature of the oil- 
bath is gradually raised from 140° to i8o 0 -rgo 0 , whilst fresh 
surfaces are exposed by occasionally starring with a glass rod 
inserted for a moment through the tubulus At the end of four 
liouis the lemperatuie is raised to i9o°-2oo° for another hour, 
and the process stopped During the heating a considerable 
quantity of phenol distils, and solidifies in the neck of the retort, 
whilst the contents become dark coloured The mass is shaken 
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out into a basm without disturbing the phenol in the ncclc, and 
'the residue dissolved by filling the retort two- thirds full of water 
This is poured into the basm containing the other portion, which 
soon dissolves The solution is acidified with concentrated hydro- 
chloric acid, which throws dow n impure salicylic acid 111 the form 
of a dark brown precipitate When cold, the precipitate is filtered 
at the pump, and washed with a little cold water A further 
quantity may be obtamed by evaporating the filtrate to a small 
bulk It is purified by dissolving in water, boihng wnth a little 
animal charcoal, and filtering The filtrate deposits the acid, on 
cooling, in colourless needles which melt at i55°-i56°, and give, 
w hen dissolved m water, a \ lolet coloration wnth fcri ic chloride 
The yield is about 6 giams 

On heating with soda-lime, salicylic acid loses caibon dioxide 
and is com erted into phenol 

C 0 H 4 (OH) CO,H=C e H s OH+ CO„ 


Expt 167 — Grind up some salicylic acid, or its calcium salt, 
with double its bulk of soda-lime and heat over the flame The 
smell of phenol is quickly detected 

Salicylic acid is a powerful antiseptic, and is frequently used 
as a substitute for phenol Salol, the phenyl ester, and betol, the 
naphthyl ester, of salicylic acid, are also Used as antiseptics 
They are obtained by the action of salicylic acid on phenol, or 
naphthol (p 305), in presence of an acid chloride (phosphorus 
oxychloride, or carbonyl chloride) 


C 0 H 4 (OH)CO,H+G 0 H 6 OH=C 0 M l (OH)CO 2 C 0 H,+lI 2 O 

Salicylic acid is also an antipyretic and the sodium salt is used 

, rh ® u " latl . sm , T he acetyl derivative, aspirin, has a 
similar effect, but is less of an irritant 


Gallic acid, 1 2 3 ^-Tnhydroxybemoic acid, C G H 2 (OH) 3 CO„H 
is one of six possible isomers It is found associated witl 
certain tannins (p 300), from which it is separated bi 
digestion with aqueous ether The galhc acid dissolves in thi 
ether, whereas the tannin substances are insoluble, but dissolve 11 
he water present, and form a lower aqueous layer which can bi 
separated Gallic acid is also, obtained by the hydrolysis of gallo 
tannic, or digallic acid, which is the chief constituent of sumac! 
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and of galls, the round excrescences formed on oak leaves and 
twigs by the puncture of the gall-fly 

Gallic acid crystallises in colourless needles, which lose carbon 
dioxide on heating, forming pyrogallol (p 287) It gives a 
deep blue coloration or precipitate with ferric chloride, and 
when shaken with potassium cyanide, a pink solution which fades 
on standing, but reappears on again shaking In alkaline solution 
it rapidly darkens m the air by oxidation It does not precipitate 
gelatine, and can by this means be distinguished from the 
tannins 

The Tannins is the name given to the active constituents of 
those substances which are used m tanning skins. The object 
of tanning is to prevent putrefactive changes, and to render the 
skm permanently flexible and -porous The hair is first removed 
from the skin, usually by the action of milk of lime, which' at the 
same time causes the skm to swell The lime is theh dissolved out 
as far as possible by soaking the skins m fermenting dung, bran 
or old tan liquor, which contain organic acids (acetic, lactic, etc ) 
produced by fermentation The skins are then steeped m tan 
liquor, which is the aqueous extract of a variety of vegetable 
substances, of which the following are among those commonly 
employed 

Oak bark 

Myrabolans (dried fruit of Termtnalta chebula, India) 

Valonia (acorn cup of Quercus /Egilops , Asia Minor) 

Sumach (leaf of Rhus conana, Sicily) 

Cutch (extract of wood of Acacia catechu , India) 

Divi-divi (pod of Caesalpma conana, S America) 

Hemlock bark ( Abies canadensis, N America) 

Although the tannins differ widely in chemical constitution 
and produce different effects on skins, they have the common 
property of precipitating gelatine from solution and forming 
insoluble compounds with it It is this property which is 
effective in producing leather , for the process of tanning has 
been successfully imitated by the use of formaldehyde, or inorganic 
compounds such as chromic salts and alum, all of which render 
gelatine insoluble 
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The Dibasic Actds 


The most important dibasic acids are the three isomers, 
phthalic, isophthalic, and terephthalic acids already mentioned 
as representmg the final products of oxidation of the three 
isomeric x) lenes (p 259) • 



Phthalic and. 


CO.H 

/V 

[jcO.H 

lsophthahc aad 


CO a H 



COjH 


Terephthalic aad. 


The acids correspond to the aliphatic acids of the succinic 
aad senes inasmuch as they form acid and neutral salts and 
esters 

Phthalic acid, Benzene-o-di carboxylic aad, C 6 H,(C 0 .H)., is 
made in large quantities for the preparation of fluorescein and 
the eosrn dj es (p 286), and for conversion mto anthramlic acid, 
now extensively- used m the manufacture of artificial indigo 
It is obtained by oxidising Naphthalene with fuming sulphuric 
aad m presence of mercunc sulphate, which acts as a contact, 
or catalytic agent. The product is converted into phthalic 
anhydride by sublimation : 


^ 0 H s -r 9 O=C 6 H 4 (CO»H) 2 -f 2 C 0 2 -fH 2 0 
Naphthalene Phthalic acid. 

XOv 

C 6 H 4 (CO s H) 2 =C c H 1 < > 0 -fH.O 
x cck 

PnJialic anhj dnde. 

The con\ ersion of naphthalene mto phthalic anhydride is 
adduced as affording valuable evidence of the structure of 
naphthalene by indicating the probable existence m naphthalene 
of a benzene nucleus (p 304) 


Expt 168 -Preparation of Phthalic aad.— A mixture of 15 grams 
of naphthalene, r2o c c of concentrated sulphuric aad, and 7 =; 
grams of mercunc sulphate is placed in a retort (300 c c ) The 

^ clamped Vilth the neck slopmg upwards, and heated 
gently over wire-gauze with occasional shaking until the liquid 
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surface layer of naphthalene dissolves The retort is now placed 
m the ordinary position, with the neck sloping down, to w’hicli a 
condenser tube is attached bv means of a roll of asbestos paper, 
or a lute of plaster of Pans The end of the condenser tube is 
provided with a receiver containing water (ioo c c ), and cooled 
m cold water 

The retort is now heated (at first cautiously and then strongly) 
over the bare flame, and the contents distilled The liquid 
rapidly darkens m colour At about 250° oxidation begins, -with 
evolution of sulphur dioxide, which becomes very vigorous as the 
temperature of the liquid rises to the boiling-point A little 
naphthalene first distils, and after a time crystals of phthalic 
anhydride appear m the condenser tube, whilst phthalic acid 
collects in the receiver The distillation is continued until the 
residue becomes viscid or even dry The contents of the receiver, 
when cold, are filtered and washed, and then dissolved m caustic 
soda Any undissolved naphthalere is removed by filtration, and 
the acid reprecipitated by hydrochloric acid The acid may be 
recrystallised from water or dilute alcohol The yield is about 
7 grams 

C a0 H 8 +9H 2 SO 4 =C 8 H 4 (CO J! H) 2 +2CO a +9SO 2 +ioH„O 

/ 

Heat about o 25 gram of the anhydride with o 5 gram of 
resorcinol m a test-tube over a small flame for a few minutes, 
so that the temperature remains at about 200° Cool, dissolve 
m dilute caustic soda solution, and pour into water A green 
fluorescence is produced, due to the formation of fluorescein 
(P 286) 


QUESTIONS ON CHAPTER XXIII 

1 Describe two methods of obtaining benzyl alcohol How 
would you distinguish benzyl alcohol from the isomeric phenols ? 
Give the formula of the latter compounds 

2 Describe two methods by which benzaldehyde is prepared 
Give details of the process, including the method of purification 

3 How would you prove by its properties and reactions that 
the chief constituent of bitter almond oil is an aldehyde ? In 
what respect do such aldehydes differ from acetic aldehyde ? 

4 Describe the action of the following reagents on benzalde- 
hyde (1) caustic potash, (2) ammonia, (3) nitric acid 

5 Describe a method for preparing aromatic ketones, and give 
an example of their behaviour with reducing agents 
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0 How ina\ benzoic iud be picpaicd from each of the follow- 
ing substances benzene toluene, phen\lcyamde, lx nzaldehjde 
and benzjl llcohnP Whuh of these methods is of geneial 
application, and might be employed foi the pieparation of acetic 
acid ’ 

7 Compare the pin sical and chemical properties of the aliphatic 
and aromatic acids b\ icfercncc to acetic and benzoic acid 

8 Describe the prcpaiation of bcnzo\l chloride and the action 
upon it of (1) ammonia, (2) aniline, (3) alcohol, (j) sodium 
benzoate Cne equations 

9. Describe a common method for obtaining benzoic esteis 

10 . Explain holbt ? unction b\ reference to the s\nlhcsis of 
salicalic acid Mention im reactions b\ which saheahe acid 
maj be identified and distinguished fiom the* />- nul w-h\dro\v- 
lxn/oic icicN How is snhethe acid comcrted into phenol > 

11 One an aceounl of the /«>*»;»« and their use m the pro 
paration of leather Name some tanmn-contaming products 

12 Describe the preparation of phlhahc acid from naphthalene , 
isophthalic acid from j»-\\lcne, and tercplith die acid from 
p-toluidinc 

13 llow is jihthahc acid prepared J Descrihe its constitution 
and state how it maj be transfoimed into bcn/oic acid and 
benzene 
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NAPHTHALENE AND ANTHRACENE 


Naphthalene, Ci 0 H 8) is contained m the middle oil distillate 
of coal-tar (p 247), from which, on standing, a portion frequently 
crystallises A further quantity is obtained by fractionating the 
same oil after the phenol has been separated with caustic soda 
(p 280) When the uncrystallisable oil, which first distils, is 
removed, the subsequent distillate solidifies This is impure 
naphthalene It is purified by treatment with a little strong 
sulphuric acid, which forms soluble sulphonic acids with the 
impurities, so that on washing with water the latter are dissolved 
out The naphthalene is then sublimed or distilled in steam 
It crystallises m plates, which melt at 79 0 and boil at 218° 

Naphthalene is extremely volatile, even far below its boiling- 
point, so that m the coal-gas manufacture a little of it passes 
through the scrubbers and purifiers and finds its way into the 
gas-pipes, where it occasionally accumulates in sufficient quantity 
to obstruct the flow of gas It burns with a luminous, smoky 
flame 

Naphthalene acts as a vermin killer and as a mild antiseptic , 
but its chief industrial use is in the manufacture of indigo and 
of certain azo-dyes 

Naphthalene resembles benzene in its chemical properties 
It can be chlorinated, brominated, nitrated, and sulphonated m 
the same way as benzene, and gives very similar products The 
following are the formulre of some of these products 


C 10 H,C 1 

Chloronaphthalene 

C J0 H 6 C 1 2 

Dichloronaphthalene. 


C w H 7 O a N 

Nitronaphthalene 

C 10 H 0 (NO 2 ) 2 

Dinitronaphthalene 
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C^H, SO a H 

Naphthalene sulphonic acid 

C 10 H 6 (SO 3 H), 

Naphthalene disulphonic acid 
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Naphthalene forms amino-compounds (naphthylammes), which, 
like the ammo-derivatives of benzene, can be diazotiscd The 
sulphomc acids can be con\ cried into phenols (naphthols) by 
fusion with caustic alkalis , or into cyanides (naphthyl cyanides) 
b\ distillation with potassium cyanide 
Structure of Naphthalene — From the close analog) exist- 
ing between naphthalene and benzene, one is naturally led to infer 
that naphthalene contains a benzene nucleus, and this view 
is apparentl) confirmed b) the behauour of naphthalene on 
oxidation, for it readil) jields phthahc acid as we lime just 
seen 

The formula is usuall) represented as containing two benzene 
nuclei with two carbon atoms m common It is therefore termed 
a hydrocarbon w ith condensed nuclei 


HC 


HO 


CH CH 

/\ c /\ 


CH 


CH 


\/c\/ 

CH CH 

Formula for Nnplitlnlene 

ft therefore follows that of the S hydrogen atoms 4 ntll'occupj 
a different position from the other 4 and these are known respec- 
tively as a and (2 positions F 
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(p 247) The daih-colouied liquid deposits on standing a light- 
brown, crystalline mass consisting of impure anthracene It is 
filtered m a filter press and Mashed with sol\cnt naphtha free 
from adhering oil The crystalline, pepper-coloured mass con- 
tains about 50 per cent of anthracene, and is known commercial!) 
as 50 per cent anthracene This forms the raw material which 
is used on an extensive scale in the manufacture of alizarin and 
allied colouring matters (p 307) The crude anthracene may 
be purified by distillation with the addition of a little solid 
( austic potash 

Pure anthracene crystallises from benzene and other sohents 
m colourless plates with a lustrous surface and blue fluorescence 
It melts at 213 0 and boils at 35 1°, and forms a compound with 
picric acid which crystallises in red needles 

Expt 169 — Dissolve picric acid and anthracene m about equal 
molecular proportions in glacial acetic acid and pour them 
together Red crystals soon deposit, and melt at 138° 

The majority of oxidising agents convert anthracene into 
anthraquinone 

C W H 10 + 3 0 = CuHgO. + HO ~ 

Anthncene Anthraquinone 

Seeing that anthracene is com erted by reduction into anthra- 
cene hydnde, and that anthracene is changed by oxidation into 
anthraquinone, the relation of the three is very simply expressed 
bx the following formula: 


CHo 



Anthncene h\ drule 



\/\ 


ck X/ 


Anthncene 


co 


/\/\/\ 



CO 


Anthraquinone 


Alizarin, Dihydroxyanthraquinone, C 14 H 0 O 2 (OH) s , is the 
principal colouring matter of madder ( Rubia tmctana) Madder 
root has been used as a d) estuff in India and Egypt from the 
earliest times, and the process of dyeing cotton with a mordant 
is mentioned by Phm Madder owes its properties as a dy e to 
alizarin and purpurm, which are present in the root as glucosides 
The glucoside of alizarin is known as ruberythnc acid, which is 
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hydrolysed by acids or ferments, and breaks up into glucose and 
alizarin 

* C 2 oH 28 0 1 4 + 2 H,o = 2C b h 12 o 6 + c u h 8 o 4 

Ruberythnc icid Glucose Alizarin 

Madder root and the various extracts, which until fifty years 
ago were extensively employed in the production of Turkey red 
cloth and other dyed and printed fabrics, has been entirely 
superseded by artificial alizarin, purpurm, and similar colouring 
matters The first important step m the synthesis of alizarin 
was made by Graebe and Liebermann in 1868, who found that 
when alizarin is heated with zmc dust it is converted into 
anthracene ' 

C 14 H 8 0 4 + Zn(OH) s + 5Zn = C U H 10 + 6ZnO 

- Alizarin Anthracene 

Anthracene, well known as a constituent of coal-tar, was 
recognised for the first time as the parent, substance of alizarin 
Now, alizarin contains two atoms of oxygen more than anthra- 
quinone, which, from the solubility of alizarin m caustic soda, 
are probably present as hydroxyl groups In order to introduce 
two hydroxyl groups into anthraqumone, Graebe and Liebermann 
converted it into dibromanthraqumone by bromination, and 
then fused the product with potash They uere fortunate m 
obtaining the one dihydroxy-derivative out of ten possible 
isomers, identical with alizarin 

/ co \ XC\ 

c « H /co/ C e H 2 Br 2+ 2KOH=C « H 4\ C o/ CoH2(OH)2+2KBr 

Dibromanthraqumone. Alizarin 

Manufacture of Alizarin —The somewhat costly process of 
Graebe and Liebermann was soon relinquished m favour of a 
method discovered simultaneously by these two chemists and 
by Perkin The anthraqumone is heated with fuming sulphuric 
acid (containing 40 per cent of sulphur trioxide) to 160°, and 
is converted into anthraquinone-/ 3 -monosulphonic acid The 
sodium salt is then prepared by neutralisation of the sulpliomc 
acid with sodium carbonate 

/C°\ XO x 

C «Hi < ^co/ C fi H 4 + H 2 S ° 4 = C B H 4 \co / CflH 3 S 0 3 H+H 2 0 

Anthraqumone fi sulphomc acid 


X 2 
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The crystals of the sodium salt are fused m a closed vessel 
with caustic soda and a little potassium chlorate The chlorate 
furnishes the necessary oxygen required by the reaction 


/CO 


C«H 4 <f '>C c H 3 S0 3 Na + NaOH + O 
'CO' 



+ Na»SO s 


Alizarin 


Tlie alizarin, present as the deep violet sodium compound, 
is extracted with water, in which it readily dissolves, and digested 
with milk of lime 


/ C °v 

C ^Vo/ C a H 2 (ONa)„ 


Sodium altzarate 


Insoluble calcium alizarate is thus formed, whilst the impurities 
remain in solution The calcium alizarate is filtered and decom- 
posed with hydrochloric acid, whereby the alizarin is pre- 
cipitated m the form of a light brown, amorphous powder It 
comes into commerce mixed with water mthe form of a paste 
containing io or 20 per cent of alizarin In order to obtain 
alizarin m crystals, it may be sublimed or crystallised from 
cumene It forms ruby-red prisms, which melt at 290° and 
sublime without decomposition 

Properties of Alizarin — Alizarin is insoluble in water, but 
dissolves m the caustic alkalis with a violet colour, forming 
alizarates of sodium and potassium Many of the metallic com- 
pounds are insoluble and are differently coloured The aluminium 
alizarate is bright red, the ferric salt violet, and the chromic 
compound has a chocolate colour A solution of sodium alizarate 
poured into a solution of one of the above metallic salts precipi- 
tates the insoluble alizarate, called a lake, and when washed and 
dried it is used as a pigment 

Expt 170 —Make moderately strong solutions of alum, feme 
1 chlonde, a mixture of alum and a few drops of feme chloride and 
chromic chlonde in separate cylinders, and pour into each a little 
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alizarin dissolved in a few c c of caustic soda solution The 
metallic o\ide precipitated bv the alkali combines with the 
alizarin to form an insoluble lake (or metallic ahzaratc) which has 
a different colour m each case 

The formation of lakes explains the application of alizarin m 
the djeing of cotton Alizarin is insoluble in water, and has, 
moreo\er, no natural affinity for \cgctablc fibres In order to 
attach it to cotton, the cloth or jam is first impregnated with a 
salt, usually the acetate, of aluminium, iron, or chromium It is 
then submitted to the action of heat, whercbj' the acetic acid is 
dm cn of! and the metallic oxide left attached to the fibre The 
cotton is said to be mordanted (p 58 ) When steeped m water 
containing alizarin m suspension the oxide unites with the colour- 
ing matter and the cotton is permanently djed By using 
different mordants, or mixtures of them, a sanely of tints is 
produced In printing cotton cloth, the metallic salt is thickened 
with gum, or starch paste, and pnnted on the fabric, after which 
it is decomposed by passing over steam-heated iron plates 
The cloth is then washed and djed in nli/arm, when the colour 
adheres to the pattern printed with the metallic salt 

Expt 171 — Cloth mordanted with stripes of different metallic 
oxides w hen moistened and left m a beaker of hot water containing 
a little alizarin in suspension takes up the dye and after a few 
minutes each stripe, according to the nature of the mordant, 
exhibits a different colour 


QUESTIONS ON CHAPTER XXIV 
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£XS.“o ° l ' ,C m0 ' ,ufaCtoro PM,al,c acid 

™lfS° mpa , re na P»*haI«i C and benzene Discuss the cxperi- 
ShffcS""" Wh,Ch lh ° doublc - lre '- a E 0 ” formula for 

wLt^t£°. n T ber ? f m ° n0 ' ^'derivatives of naphthalene 

nome ?, ciatu 1 re J adopted to distinguish the 

atomTm l£tS^2S5jS5a£" I> ° Srt '° n5 °‘ cWon "° 




A CLASS BOOK OF ORGANIC CHEMISTRY ch xxiv 


4 Explain the commercial process for obtaining anthracene 
and anthraquinone 

5 Give an account of the properties of anthracene What 
conclusions uould you draw as to its structure from a consideration 
of the chemical properties of anthracene ? 

6 Describe the production of alizarin How is the dye applied 
to cotton ? What is the meaning of the terms lake and mordant ? 
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HETEROCYCLIC COMPOUNDS 

Heterocyclic Compounds — The term heterocyclic is applied 
to ring compounds not composed wholly of carbon atoms, like 
those which have been described m preceding chapters (homo- 
cyclic compounds), but in which one or more of the links m 
the closed chain are supplied by other polyvalent elements, 
such as oxygen, sulphur, or nitrogen We have already met 
with examples of this type of compound m the anhydrides of 
dibasic acids (p 182), in which oxygen is an element in the ring } 
in uric acid (p 229) and xanthine (p 230) which form condensed, 
or double rings, consisting of a carbon and nitrogen skeleton 
Such heterocyclic compounds are very common, and their syn- 
thesis forms an interesting chapter in recent research 

It would cover too much ground, and exceed the scope of the 
present volume, to give even a summary of all the different 
known classes of heterocyclic compounds Some idea of their 
number and variety may be gathered from the examples which 
will be given It should be pointed out that the most common 
kinds of nng compounds are those consisting of nuclei of 5 
and 6 atoms, or condensed nuclei of the type of naphthalene 
and anthracene Ring compounds composed of a larger or 
smaller number of atoms are less common 

We ha\ e selected for illustration three examples of heterocyclic 
compounds containing oxygen, sulphur, and nitrogen m a ring 
skeleton of 5 atoms They are known as furfurane, thiophene,' 
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and pyrrole, and their structure is usually expressed by the 
following formulas 


HC— CH 

HC-CH 

HC-CH 

11 11 

II jl 

(1 1 

HC CH 

HC CH 

HC CH 

\/ 

\/ 

\/ 

O 

S 

NH 

Furfurine 

Thiophene 

Pyrrole 

\ 

Pyrazole, Triazole, and Tetrazole 
containing 2, 3, and 4 nitrogen atoms 

represent 5-atom 

HC— CH 

HC-CH 

HC-N 

J 11 

11 1! 

II II 

HC N 

N N 

N N 

\/ 

\/ 

\/ 

NH 

NH 

NH 

Pj razole 

Triazole 

Tetr-izole. 


Examples of 6-atom rings are furnished by pyridine, quinoline, 
and isoquinoline, which may be compared with benzene and 
naphthalene, wherein an atom of nitrogen replaces one of the 
CH groups of the ring 


CH CH CH CH CH 



These three substances may be regarded as the parent com- 
pounds of the alkaloids, which are described m the succeeding 
chapter 

All these substances haie been obtained synthetically by 
methods which leave little doubt as to their structure 
Pyridine, C 6 H 6 N —Pyridine is found in the light-oil distillate 
from coal-tar, from which it is separated by treatment with 
sulphuric acid m the ordinary course of purification If an 
alkali is added to the acid liquid, a dark-coloured oil separates, 
containing pyridine and its homologues, together with quinoline’ 
isoqumoline, aniline, etc, the constituents of which may be 
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partial!} separated by fractional distillation Pyridine and 
its homologues, together with quinoline, are also present in 
considerable quantities m bone-oil obtained by distilling bones 

Pyndine is a colourless liquid which boils at 115 0 and mixes 
m all proportions with water It has a strongly alkaline reaction 
towards litmus and possesses a peculiar smell, which is charac- 
teristic of both pvndine and quinoline and many of their homo- 
logues Pyndine is \en indifferent to most reagents It is 
unaffected bj boiling strong mtnc acid or chromic acid Sulphuric 
acid only attacks it at a high temperature forming a sulphomc 
acid In the same wav the halogens ha\c little action on 
pyndine under conditions which in the case of benzene gne 
nsc to substitution products With strong reducing agents, 
like strong hydnodic acid nitrogen is eliminated m the form 
of ammonia and the remainder of the molecule is reduced to 
pentane 

C s H 5 N + 5 H. = C 5 H,; + NH 9 

Pvndine. Pentane 

Pyridine is a base and forms salts with acids which are 
usualh soluble m water It gnes also a >ellow, ciystallme 
double salt with platimc chlondc like other organic bases 

C s H 5 N HCl (C 5 H s N HCl).PtC! 4 

Pj-ndroe hydrocWondt. Pyndine pHtinocblondc 

It is moreo\er, a tertiar} base, for it neither combines with 
acetil chloride to form an acet}l demative, nor with nitrous 
acid to from a mtnmmme , but it unites with methyl iodide 
and gives the quaternary ammonium compound, or pvndimum 
meth\I iodide, C 5 H S X CII 3 I, which is a crystalline compound 

Expt 172 \\ arm a mixture of equal volumes of pyndme 

and moth} 1 iodide , a reaction sets in and the liquid boils When 
cold, the crystalline quaternary compound is deposited 

Qumolme, C9II-X, was originally obtained b} Gcrhardt (1842) 
b} distilling quinine, strychnine and other alkaloids with caustic 
potash The oil which distilled rccened the name of qumolein, 
which was changed to- qumolme Shortly afterwards (1846) 
Anderson isolated the same compound and manv of its homo- 
logues from bone-oil It is also present m coal-tar. 
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The most convenient source of quinoline is the synthetic method 
discovered by Skraup 

Expt 173 — Preparation of Quinoline — A large round flask 
(ij— 2 litres) is attached to a reflux condenser A mixture of 
2 4 "grams of nitrobenzene, 38 grams of aniline, 120 grams of glycerol, 
and 55 c c of cone sulphuric acid is poured m and heated on the 
sand-bath until the reaction sets in (ten to fifteen minutes), 1 e until 
white vapours rise from the liquid The flask is now raised from 
the sand-bath or the burner extinguished, and when the first 
reaction is over the contents are gently boiled for two to three 
hours The dark coloured product is diluted with water, and 
unchanged nitrobenzene driven over with steam The residue 
is made strongly alkahne with caustic soda, and the oily layer 
(quinoline and aniline) distilled off with steam In order to re- 
mov e the aniline present, the distillate is acidified with sulphuric 
acid, and sodium mtnte added until a sample of the hquid ceases 
to give the aniline reaction with sodium hypochlorite It is then 
boiled, whereby the aniline is conierted into phenol The 
liquid is again made alkahne with caustic soda, and submitted 
to a third distillation w ith steam The distillate is extracted with 
ether, dehydrated over solid caustic potash, and, after decanting 
and driving off the ether, the residue is distilled The yield is 
40 grams of a pale yellow oil 

C c H s NH s +C 3 H 5 ( 0 H) 3 +O=C b H 7 N+ 4 H 2 O 

Aniline. Glj cerol Quinoline. 

Quinoline is a colourless liquid with a smell resembling 
pyridine , but differs from pyridine m not being miscible with 
water, and it boils at a much higher temperature (236°) In 
chemical properties the two substances correspond closely 
Quinoline is a tertiary base, and forms well-defined salts The 
acid chromate, (C9H»N) 2 H 2 Cr0 4 , is sparingly soluble m water, 
and is precipitated in the form of yellow needles on the addition 
of potassium chromate to a solution of a salt of quinoline 

Isoquinolme, C 9 H 7 N, is isomeric with quinoline, and was first 
separated by Hoogewerff and van Dorp from the crude coal-tar 
quinoline by fractional crystallisation of the sparingly soluble 
sulphate It is a colourless, cr} stalhne substance, which melts at 
21 0 and boiK at 237 0 It resembles quinoline m properties 
Isoquinolme has increased m interest since its recognition as the 
parent substance of several alkaloids, such as berberme, the 
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alkaloid of barberrj, and the alkaloids narcotine, papaverine, 
and hydrastine, w hich accompany morphine in opium 


QUESTIONS ON CHAPTER XXV 

1 Explain the meaning of heterocyclic compounds Gi\e 
examples Name some heterocjchc compounds composed of 
5 atoms, and give their formula; 

2 Gi\ e an account of the properties of pyndme 

3 Grv. e an account of the chemical and physical properties of 
qumolme Discuss its relation to pyndine How is it prepared "> 

4 What is lsoquinolme, and where is it found "> What special 
interest attaches to it 5 



CHAPTER XXVI 

THE ALKALOIDS 

The Alkaloids — The medicinal properties, as well as the 
poisonous characters, of certain plants hai e long been recognised 
Early in the nineteenth century Scrturncr, a German apothecary, 
isolated the active principle of opium m the crystalline form and 
ga\c it the name of morphium This discovery' quicklv led to 
others, and before long a large number of similar substances 
had been separated in the pure state from a variety of plants 
They possessed basic properties, and were called alkaloids or 
vegetable bases , but whilst the name alkaloid is now applied to 
those compounds which ha\e been shown to contain a pyndinc, 
quinoline, or lsoquinohnc nucleus, the term vegetable base has 
a wider sense, and includes substances like caffeine, theo- 
bromine, betaine, etc The alkaloids, then, arc complex nitro- 
genous substances, possessing basic properties and a pyridine 
or condensed pyridine nucleus The structure of the majority 
of them is still unknown Although the different individuals 
possess distinctive characters, they have mam properties m 
common They are optically active and usually laev o-rotatory 
m solution They form insoluble compounds with many of the 
reagents which precipitate the proteins (p 235), such as tannin, 
phosphomolybdic acid, jand potassium mercuric iodide They 
also give amorphous, brown precipitates with iodine solution 
They have an alkaline reaction, possess for the most part a 
bitter taste, and many of them are extremely poisonous A 
few' of the alkaloids (conine, nicotine) are liquids, but the 
majority are crystalline solids, which arc insoluble in water, but 
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dissolve in most o£ the organic solvents, such as ethyl and 
amyl alcohol, ether, chloroform, etc The salts, especially the 
chlonde and nitrate, are very soluble in water, and from the 
solution the insoluble base is precipitated by alkalis The 
platmochlorides are yellow, crystalline, and sparingly soluble 
substances Most of the alkaloids are tertiary bases and form 
additive compounds with the alky 1 iodides As a rule they are 
present in the plant combined w ith organic acids, such as malic 
citric, and lactic acids, or an acid peculiar to the alkaloid with 
which it is associated In cinchona bark for example, the 
alkaloids are combined w ith qumic acid , m aconite with acomtic 
acid, etc With the salts of the alkaloids are frequently associated 
proteins, tannins, resins, essential oils, and other vegetable 
products which have to be dealt with m the process of 
extraction 

For each alkaloid a special process of extraction is employed, 
and for costly pharmaceutical preparations the estimation of 
the amount of alkaloid present in the raw material is effected 
by a recognised and carefully elaborated analytical method A 
general scheme for extraction may be briefly indicated The 
carefully ground material is digested with water, which dis- 
solves the salt of the alkaloid, and the solution is then pre- 
cipitated with an alkali or lime If the alkaloid is volatile, like 
comne, it is separated by distillation in steam, otherwise it is 
either extracted w ith a v olatile solv ent such as ether, chloroform, 
amyd alcohol, etc , or filtered The solv ent m the first case is 
evaporated or shaken up with acid, which dissolves the alkaloid 
as the soluble salt , m the second case, the precipitate or its 
salt is recry stallised It is seldom that a single alkaloid occurs 
m the plant , more frequently sev eral arc associated, and being 
chemically' related, they arc often difficult to separate 

The free alkaloids belong to different classes of compounds, 
such as amides or esters of organic acids m which the basic 
character predominates The amides and esters are separable 
into a basic and acid constituent by hy drolysis The basic portion 
often contains a hydroxyl, methoxyl, or carboxyl, or all three 
groups Piperme is an amide, and breaks up on In drolysis 
into the base piperidine and piperic acid , atropine is an ester, 
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and yields the base tropme, which is also an alcohol, and tropic 
acid Cocaine lepresents a still moie complex type, for the 
basic portion contains both a hydroxyl and carboxyl group 
Nicotine, C^II^N*, is found m combination with malic and 
citric acids in tobacco leaves (m quantities varying from o 6 to 8 
per cent ), from which it is removed by distilling with milk of 
lime The alkaloid passes into the distillate, which is extracted 
with ether Nicotine is an oil which boils at 247 °, and is lse\ 0- 
rotatory It is very soluble m water, has a strong and dis- 
agreeable smell, possesses a burning taste, and is a powerful 
poison' It is converted into nicotinic acid on oxidation mth 
potassium permanganate or chromic acid 

It has recently been prepared synthetically, and both the 
dextro- and laevo-modifications are known It is an interesting 
fact that the natural, laevo-rotatory alkaloid is much the stronger 
poison The substance is represented by the following 
formula 


CH 


HCl 


H 8 C- 

-HC. 


X/ 

N 


CH 




■iCH, 

CH, 

CH, 


Atropine, C K H 23 N03, is a constituent of deadly nightshade 
( Airopa belladonna), henbane ( Hyoscyamus niger), and thorn- 
apple ( Datura stramonium), m which it is associated with 
hyoscyamme, hyoscine, and several other alkaloids The ex- 
tracted juice is mixed with caustic potash and shaken up with 
chloroform The chloroform solution of the alkaloids is 
evaporated, and the residue extracted with dilute sulphuric ~ 
acid, which dissolves the atropine as the sulphate, from which 
the base is precipitated by alkalis Atropine crystallises m 
prisms, which melt at 115° It is a strong base and forms 
well-defined salts Atropine sulphate is used m ophthalmic 
cases for dilating the pupil of the eye It is a strong poison 

Expt 174 — Test for Atropine —Moisten a minute quantity of 
atropine with strong nitric acid, and evaporate it to dryness on the 
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water-bath Add to the 3 ellov residue a few drops of alcoholic 
potash A violet solution is obtained 

Cocaine, Cj-H^NO, — The alkaloid is obtained fiom the 
leai es of Erythroxylon coca, m w'hich seieral closely related 
alkaloids occur The leaves are extracted with water and lead 
acetate is added to precipitate tannin and other substances f 
the filtered solution is then freed from lead by means of hydrogen 
sulphide , the filtered liquid is made alkaline, and the cocaine 
extracted ivith ether Cocaine is a crjstalhne substance, which 
melts at 98° The hydrochloride, C 17 H ai N 0 4 HCl, is soluble 
m water, and is used in medicine as a powerful local anaesthetic 
Taken internally, it acts as a strong poison 

Cinchona Alkaloids — The different varieties of cinchona 
bark w'hich are grown in India, Cejlon, and South America are 
distinguished by the names of red, yellow, and pale bark, and 
contain a great number of alkaloids (amounting to 2 to 3 per 
cent of the bark) united w r ith qumic acid and a peculiar tannin, 
knowm as cinchotanmc acid The following are the most 
important members of the group — 

C 20 H« 4 N 2 O 2 c 19 h„ 2 n 2 o 

Quinine Cinchonine 

The well-ground bark is mixed with milk of lime and 
evaporated to dryness The mass is extracted with chloroform 
or petroleum, and the extract shaken with dilute sulphuric acid, 
which dissolves out the alkaloids as sulphates The acid 
solution is neutralised with ammonia and concentrated 
Quinine sulphate first separates, whilst cinchonine sulphate 
remains in the mother-liquors 

Quinine, C 20 H 21 N 2 O 2 — When the sulphate of quinine obtained 
as described above is dissolved in water and alkali added, the 
free alkaloid is precipitated, and may be purified by crystallisa- 
tion from alcohol It forms glistening, white needles which, 
when anhydrous, melt at 177° It has an alkaline reaction, a 
bitter taste, and is a feeble diacid base, forming a hydrochloride 
and sulphate of the following formulie 

C 20 H ai N 2 O 2 H,S 0 4 + 8 H 2 0 C 20 H 2 ,N 2 O 2 2 HCl-)- 2 H »0 

Quinine sulphite Quinine hydrochloride 
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Quinine sulphate Is the salt commonly used in medicine It 
has the property of lowering the temperature, and is a valuable 
remedy in cases of fever 

Expt 175 — Tests for Quimpe — Quinine is detected by the 
following tests Use a solution of the hydrochloride prepared 
by adding a few drops of hydrochloric acid to the sulphate mixed 
with water 1 Add to a little of the solution a few drops of 
iodine solution , a brown, amorphous precipitate is formed This 
reaction is also given by other alkaloids (p 316) 2 Add chlorine 

water and then ammonia in excess An emerald-green colour is 
produced 3 Add sodium carbonate solution and then a little 
ether The free base is first precipitated, and then dissolves m 
the ether Decant the ether on to a watch-glass and let it 
evaporate Crystals of the base remain 4 Dissolve a little 
quimne sulphate m a large volume of water, or add a few drops of 
glacial acetic acid and then a large volume of water A blue, 
fluorescent liquid is obtained 


Cinchonine, C 19 H 2S N» 0 , accompanies quimne in cinchona 
bark, and is especially abundant in the bark of Cinchona huanoco, 
which contains 2 5 per cent It crystallises from alcohol m 
colourless prisms, and sublimes in a current of hydrogen m 
needles which melt at 250° Its physiological action is similar 
to that 01 quinine, but less potent 
Opium Alkaloids. — The milky juice of the poppy capsule 
(Papaver sotnmferum), when dried, constitutes opium, and is a 
complex mixture of a very large number of alkaloids, resins, 
proteins, mineral salts, and organic acids The alcoholic 
solution of opium is known as laudanum 
The following is an average analysis of opium, only the more 
important alkaloids being given 


Per 


Morphine 10 

Narcotine 6 

Papaverine 1 

Codeine o 5 


Per 


Thebame o 3 

Narceine o 2 

Meconic acid 4 

1 Lactic acid 1 25 


In order to separate the alkaloids, the opium is extracted with 
hot water and boiled with milk of lime, which dissolves the 
bases, but precipitates the meconic acid The liquid is filtered 
from the insoluble calcium meconate, and the filtrate boiled with 
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ammonium chloride until ammonia ceases to be evolved, whereby 
the lime is converted into calcium chloride and the morphine 
is precipitated together with other alkaloids 

Morphine, Ci 7 H ia N 0 3 +H ; 0 , is a colourless crystalline com- 
pound, which melts at 230° and decomposes at the same time 
It is very slightly soluble in water , is without smell , has a 
bitter taste, and is a strong narcotic It has an alkaline reaction, 
and is a tertiary monacid base The hydrochloride has the 
formula Ci 7 Hi 9 N0 3 HCI+3H.O Morphine may be distinguished 
from many of the alkaloids by its solubility in caustic alkalis 
Its complete structure is not j et knowm When distilled wuth 
rinc dust, it yields pyrrole, pyridine, quinoline, and phen- 
anthrene 

Expt 176 — Tests for Morphine — 1 Add a few drops of ferric 
chloride to a solution of morphine chloride A violet-blue 
colour is developed 2 Add a little starch solution to a solution 
of morphine hydrochloride, and then a few crystals of iodic acid 
Iodine is liberated by the morphine, and the starch turns blue 
3 Heat a little morphine with a few drops of strong sulphuric 
acid on the water-bath for half an hour Cool the liquid, and add 
a drop of nitric acid A violet colour is produced 

Strychnos Alkaloids. — The seeds of nu\ vomica ( Strychnos 
nux-vomica) and St Ignatius’ beans ( Strychnos Ignattf) contain 
the three alkaloids strychnine, brucine, and curarme, which are 
remarkable for their excessively poisonous character At 
present little is known about their structure On distillation 
with potash they yield quinoline 

To obtain the alkaloids from nux vomica, the seeds are 
powdered and extracted with alcohol The extract is con- 
centrated, and lead acetate added to precipitate tannin The 
excess of lead is removed from the filtrate with hydrogen sulphide, 
and the alkaloids are then thrown dow r n from the filtrate with 
ammonia Brucine is separated from strychnine by its greater 
solubility m alcohol 

Strychnine, C 21 H 22 N 2 0 2 , crystallises in colourless prisms, 
which melt at 284° It is nearly insoluble in water, but dis- 
solves readily m acids The hydrochloride has the formula 
C 21 H 22 N s 0 2 HC 1 , and the alkaloid is therefore a monacid base 
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Expt 177 — Test for Strychnine — A characteristic test for 
strychnine is the following — Dissolve a crystal of strychnine in 
strong sulphuric acid, and add a little solid potassium dichromate, 
lead peroxide, or manganese dioxide. A violet colour 16 pro- 
duced, which soon fades 

Brucine, C 22 H 20 N 2 O« +4H 2 0, crystallises m colourless needles, 
which m the anhydrous state melt at 178° It is a monacid 
base like strychnine, but is less poisonous 

Expt 178 — Test for Brucine — Brucine is detected as follows — 
Dissolve a little brucine in strong sulphunc acid, and add a crystal 
of potassium nitrate or a drop of nitric acid A deep orange 
colour is developed, which changes to violet on the addition of 
a solution of stannous chloride The presence of nitric acid is 
easily detected by this reaction 

Expt 179 — The Molecular weight of Organic bases — The 
organic bases form, like ammonia, crystalline chloroplatinates 
with platimc chloride of the general formula B a H 2 ,PtCl 0 By 
estimating the amount of platinum present m the salt, it is 
possible to calculate the molecular weight of the platinum com- 
pound, and consequently that of the base Dissolve about 
o 5 gram of an organic base (brucine, strychnine, quinine, etc ) 
miocc of a mixture of equal volumes of concentrated hydro- 
chloric acid and water To the clear hot solution add excess of 
platimc chlonde and let it cool Yellow, microscopic crystals of 
the chloroplatinate of the base separate (If the chloroplatmate 
of the base, such as aniline, is very soluble m w ater, it must be 
washed with strong hydrochloric acid, pressed on a porous plate 
and dried m a vacuum-desiccator over solid caustic potash ) 
Filter on the porcelain funnel with the pump and wash three 
or four times with small quantities of cold water Press the 
precipitate down and dry on a porous plate in the vacuum-desic- 
cator When thoroughly dry, weigh out about os to 1 gram of 
the compound into a porcelain or platinum crucible, and heat 
gently with the lid on, and then more strongly until the organic 
matter is completely burnt away Cool the crucible in the 
desiccator and weigh 

The molecular weight of the salt is calculated from the weight 
w of the platinum, and W of the salt, according to the formula 
(the atomic weight of platinum being 195) — 

H Xi9i 
«» 
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To determine from this the weight of the base, it is necessary 
to deduct from the molecular \\ eight of the salt that of H 2 PtCl 8 , 
and as two molecules of the base are contained m the salt, the 
result is hah ed 

Example — 0 7010 gram of the cliloroplatmate gave o 2303 gram 
of platinum 

o 7010 x 195 _-qg , o M \V of the salt 
o 2303 

594 2-409 9_ 0 , 

2 

Calculated for C g H-N M =93 


QUESTIONS ON CHAPTER XXVI 

1 Name some of the characteristic features of the alkaloids 
What is the origin of the name ’ 

2. Gi\c either a general scheme or some special method for 
extracting the alkaloids from plants, and explain the object of the 
different steps 

3 How is nicotine prepared from tobacco ? Name some of its 
properties 

4 Name the plants m which atropine is found 

5 Describe a method for separating the cinchona alkaloids 
from bark Compare the reactions of quinine and cinchonine 

6 Name some of the constituents of opium What are the 
distinctive reactions for morphine ’ 

7 How would >ou distinguish strychnine from brueme ? 
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GENERAL QUESTIONS 

1 What is the relation of urea to carbonic acid, of lactic to 
propionic acid, and of aniline to benzene ? How is the first of 

\ | each pair of substances prepared ? 

2 Give examples of the action of the following substances on 
organic compounds phosphorus chloride, sulphuric acid, caustic 
soda 

3 What do you understand by the term optical activity 7 
Explain its connection with the constitution of carbon compounds 
which manifest this property 

4 What is the chemical nature of the following substances 
(a) fusel oil, (b) paraffin oil, (c) turpentine oil, (d) oil of bitter 
almonds, (e) vinegar, (f) methylated spirit, and ( g ) ether 7 Hon 
are these substances made, or from what sources are they obtained 7 

5 Give an account of the chemical character of ( a ) wood 
spirit, (6) petroleum, (e) butter, [d) cotton wool, and (e) nitro- 
glycerin 

6 Write the structural formula: for (a) any ester, ( b ) a dibasic 
organic acid, (c) a polyhydric alcohol, (d) an acid chloride, (c) an 
amide 

7 What is the action of phosphorus pentachlonde on (a) ethj 1 
alcohol, (&) acet ic acid and (c) acetal dehy de.? What is the action 
of caustic potashoinEfie produc£s _ of these reactions 7 

8 What do you understand by a double linkage ? Why do w e 
assume its existence in acetaldehyde and in ethylene ? What is 
the action of nascent hydrogen on these bodies * 

9 What is the chemical nature of (a) cliloroform, ( b ) vaseline, 
(c) formic acid, (d) formalin, (e) carbolic acid, (/) cream of tartar 7 
How are these substances generally obtained 5 

10 What do you understand by the following terms (a) paraffin, 
(&) acid chloride, (e) amide, (d) carbohydrate, (e) unsaturated 
compound 5 Give one example m each case with the structural 
formula 

11 Explain the chemical principles underlying the use of volatile 
combustible liquid as a fuel for motive power What are the 

3 *-» 
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chemical characteristics and principal sources of petrol, alcohol, 
and benzene ? 

12 Compare and contrast the properties of methane and acetyl- 
ene and say how you would distinguish between them by experi- 
ments Describe the difference m their behaviour when burnt and 
mention any special features connected with the use of acetylene 
as an lllummant 


13 Give the structural formulae of the following substances, 
the methods of preparation and the principal properties of two 
of them (a) formaldehyde (b) chloroform, (c) urea, (d) ether, 
(c) acetyl chloride, and (/} phenol 

14 Explain what is meant by (a) a homologous senes, (6) an 
unsaturated hydrocarbon, (c) an additive compound, (d) an ester 

15 Descnbe the preparation and properties of oxalic acid and 
cyanogen What relation exists Detween these two substances ? 
Gi\ e experimental evidence 

16 Name and give the structural formulae of all substances 
represented by the following formulae 

/ c 3 h 8 o_ c 3 h 6 o c 3 h 6 o, C 3 H s N 

'-17 Define hydrolysis and give as many different examples of 
the process as you can 

18 Explain and illustrate the following terms (a) acyl group, 
(6) condensation, (c) optical activity, (rf) primary amine 

19 Describe the manufacture of the follow mg (a) soap, (b) ethyl 
alcohol, (c) acetic acid, {d) potassium cyanide, ( e ) ether 

20 Give your reasons for assuming that organic acids contain 
a carboxyl group and alcohols a hydroxyl group 

21 Explain and illustrate the terms hydrolvsis, rever*ible 

reaction J 


22 Descnbe the preparation of pure specimens of la) acetone 
from calcium acetate, (6) acetic acid from vinegar, (c) alcohol from 

* ethy^alcohol^ from (e) acetaldehyde from 

23 How would you distinguish between a vegetable oil and a 

mineral oil (petroleum) and between steann, steanc acid, paraffin 
wax, and soap J ^ 

24 Devise a method for separating the constituents of a mixture 
consisting of acetone, acetic acid, ethyl alcohol, and ethyl acetate 

25 Give the* characteristic reactions for hydroxyl and aldehvde 
undergo ^ exampIes and a list of reactions w hich the alkyl iodides 

. i 2 iu £?" " ould J0U certain the presence of ( 1 ) nitrogen and 
(-) chlorine occurring m an organic compound ? Describe" how 
they may be estimated quantitatively 106 how 
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27 In wliat' respect does formic acid differ from palmitic and 
acetic acids 7 How is formic acid prepared ? 

28 What is meant by metamerism 7 How would you dis 
tinguish metamenc compounds of the formula. 

(i)C 4 H 10 O ( 2 ) C 4 H n N (3)C 4 H 8 <V 

29 Devise a scheme for separating in a pure state the 
constituents of a mixture consisting of acetone, methyl alcohol, 
and acetic acid 

30 Describe in detail the preparation of ethvl ether, ethyl ace-' 
tatc, and acetic anhydride and compare their properties 

31 Describe briefly the manufacture of (i) spirits of wine, ( 2 ) 
soap, ( 3 ) vinegar How could the organic acids be separated from 
the last two 7 

32 Discuss the isomerism and mode of preparation of the 
following ( 1 ) the tartaric acids, ( 2 ) the lactic acids 

33 Describe the preparation and properties of the ammo acids 
How can they be distinguished from amides, and what is their 
physiological significance 7 

34 Describe the most characteristic reactions which the follow- 
ing substances undergo ( 1 ) glycerol, ( 2 ) ethylene, ( 3 ) malonic 
acid 

35 How have the following substances been synthesised ( 1 ) 
urea, ( 2 ) succinic acid, ( 3 } acetic acid 7 

<-36 Starting with acetic acid, how would you prepare the 
following (a) methane, (b) ethane, (c) acetyl chloride, (d) acet- 
amide, ( e ) acetic anhydride, (/) acetaldehyde 7 

37 Describe briefly the following manufacturing processes 
( 1 ) soap, ( 2 ) paraffin from shale, ( 3 ) spirits of wine, ( 4 )<iqetic acid 

38 Explain the terms (x) ureide, ( 2 ) glycol, ( 3 ) olefine, (^sugar 

39 Descube m detail the preparation of pure alcohol from 
whisky and also of pure ( 1 ) ether, ( 2 ) ethyl acetate, ( 3 ) acetone, 
and ( 4 ) chloroform from commercial specimens What tests would 
you apply to ascertain the purity of the substances m question ? 

40 Explain the meaning of the following terms employed in 
organic chemistry pi unary, polymeric, asymmetric, condensation, 
saponification, wax Give examples 

41 What compounds are obtained by the hydrolysis of the 
following substances 

(a) acetonitrile, (b) methyl isocyanate, (c) starch, (d) milk-sugar, 
(e) oxamide 7 Name the reagent you would employ m each case 

42 How would you distinguish between a paraffin, an alcohol, 

an ester, and an amide 7 Describe one method for preparing a 
member of each of these groups r 0 
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43 Describe a process for separating the constituents of a mix- 
ture containing ethyl acetate, ethyl alcohol, and formic acid 

44 Describe the action of the following reagents on alcohol, 
acetaldehyde, and acetic acid, separately [a) caustic potash, 
( b ) potassium dicliromate and sulphuric acid , (c) strong sulphuric 
acid (d) chlorine, (<•) phosphorus pentachlonde, (/) ammonia 

45 How would you prepare a pure specimen of («) acetic acid 
from \megar, (b) ethyl alcohol from beer, (cl fatty acids from 
soap, (rf) acetone from acetic acid 3 

46 Discuss the general character of unsaturated compounds 
and illustrate your answer by reference to ethylene and acetylene 
Do substances like acetaldehyde and methyl cyanide belong 
to the class of unsaturated compounds 3 Give your reasons 

47 How would \ou distinguish (i) acetyl chloride from acetic 
acid, (2) ethyl alcohol from acetone, (3) paraffin-wax from bees- 
wax, (4) butter from margarine 3 

48 Explain and illustrate the terms homologous , metanrcnc, 
■polymerisation, condensation, substitution 

49 How would you separate a mixture of formic acid, ethyl 
alcohol, and chloroform 3 What tests would you apply in order 
to identify them 3 

50 Illustrate the action of the \anous oxidising, reducing, and 
dehydrating agents used m organic chemistry One example 
of each reagent will suffice 

51 Describe the separate action of chlorine, mtnc acid, sul- 
phuric acid, and nitrous acid upon (n) alcohol, (5) aniline 

52 Describe in outline the methods you would apply to de 
termine the molecular weights of the following substances 
{a) tartanc acid, ( b ) aniline, (c) benzene, ( d) grape-sugar 

53 Explain by equations the follow mg reactions — 

(«) Water on acetyl chloride 

(6) Hydrochloric acid on (1) ethyl alcohol, and (id ethyl 
isocyanide J 

(c) Nitric acid on (1) glycerol and (11) benzene 

(tf) Caustic soda on potassium benzene sulplionate 

(c) Soda-hme on (1) salicylic acid, (11) acetic acid 

54 Describe the general action of nitric acid and nitrous acid 
upon organic substances, and give examples J 

Give examples to show the action on organic compounds of 
(u) phosphorus pentachlonde, ( b ) nitric acid, (c) sulphunc acid 

56 Give one example of each of the different classes of organic 
compounds which form additive compounds and the general 
formula: of the latter & 
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57 How would you propose to separate the following (a) glycerol 
from fat, ( b ) uric acid from guano, (c) benzoic acid from gum 
benzoin, ( d ) benzene from coal-tar’ 

58 Each one of the following substances is sepaiately dissolved 
in water (a) cane-sugar, ( b ) sodium stearate, (e) aniline hydro- 
chloride, ( d ) urea, (e) acetone Describe any simple and effective 
method for identifying the different solutions 

59. Compare the general properties of a paraffin and an aromatic 
hydrocarbon How would you distinguish between hexane and 
benzene 5 

00 How would you attempt to separate the follow mg mixtures 
(a) benzene and hexane, (b) phenol (carbolic acid) and ethyl 
alcohol, (c) acetic and benzoic acid, (d) urea and uric acid 5 

61 Discuss the structure of (a) glycerol, (6) toluene, (c) glucose 

62 Explain the terms Sandmeyct ’s reaction, side-chain, alkaloid, 
Fnedel-uiafts' reaction 

63. Discuss the term acid m its application to organic com 
pounds How can " carboxyl " be introduced into organic com 
pounds, and what are its charactenstic properties 7 

64. How would you distinguish (a) chlorotoluene from benzyl 
chloride, (6) acetone from propyl aldehyde, (c) cresol from benzyl 
alcohol 5 

65 Describe the preparation of the following (a) Malomc acid 
from acetic acid, (b) urea from potassium cyanide, (e) formic acid 
from oxalic acid, (d) salicyclic acid from phenol 

66 How may the following groups be introduced into an organic 
compound and what are their charactenstic properties (two or 
three m each case will suffice) 7 

_/ (a) Hydroxyl, (6) nitro, (c) cyanogen, (d) ammo, (e) ketone 

67. What are the charactenstic products obtained by the 
destructiye distillation (including the nature of the residue) of 
(«) wood, (6) coal, (c) bones, (d) bituminous shale 7 How are 
the products separated 7 State briefly for what industrial pur 
pose they are used 

68. What is implied by the terms nucleus and side-chain 7 How' 
can substitution of hydrogen by (a) chlonne, (6) hydroxyl, and 
(c) the amino group be effected in the two positions, and what 
difference is there m the properties of each pair of substances 
formed 7 

69 How would you propose to separate a mixture consisting of 
aniline, acetone, benzene, and paraffin-wax so as to obtain each 
constituent m a pure state ? 

70 Illustrate by example the various uses of metals (in the 
metallic stale) m organic synthesis 
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71. For what purpose arc the following reagents commonly 
employed (a) acetyl chloride, (b) phenylhydrazme, ' (c) nitrous 
acid, ((f) alcoholic potash, (c) phosphorus pentachlonde ? Give 
examples 

72. What is meant by the term " unsaturated compound ” ? 
Give examples Does benzene belong to this class > State fully 
your reasons 

73. Discuss the action of (n) sulphuric acid, (6) nitric acid, and 
(c) the halogens on toluene 

74 Describe any general methods for the synthesis of aliphatic 
acids What compounds have the formula C 4 H 8 0 2 5 
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1 A compound of molecular formula C 2 H s NO when boiled with 
sodium hydroxide evolved ammonia and gave the sodium salt 
of an acid The silver salt of this acid on analysis was found to 
contain 64 6 per cent of silver Discuss the structure of the 
original substance and its -method of preparation 

2 A substance gave the following results on analysis 

0 197 gram gave o 293 gram CO = and o 150 gram H.O , by the 
Kjeldahl method o 59 gram required xo c c N/H..S 0 4 for neu- 
tralisation of the ammonia The original substance when boiled 
with caustic soda evolved ammonia, and the dry residue when 
heated with soda-lime gave methane What is the substance ? 
Explain the above reactions 

3 Calculate the molecular weight of a monobasic acid of which 
the ethyl ester gave the following results on hydrolysis 

1 5 gram of ester after boiling with 25 c c of a normal solution 
of alcoholic potash required 13 15 c c of normal sulphuric acid 
(coeff = 1 14 for neutralisation) 

4 The v d Of an alcohol determined by V Meyer’s method gave 
the following numbers 0116 gram displaced 37 c c of moist 
air at ii ° and 752 mm (v t of water at ii °=9 mm ) What is 
the molecular formula of the alcohol and how would you deter- 
mine its structure ? 

5 A mono-acid organic base gave the following analytical 
results o 1 granj gave o 2882 gram of CO s and o 0756 gram H a O 
o 2 gram gave 21 8 c c of N at 15 0 and 760 mm o 4 gram Pt 
salt gave o 125 gram Pt (Pt =195) Calculate the molecular 
formula of the base 

6 A liquid containing carbon, hydrogen, and oxygen had the 
following composition C=68 per cent, H = i36 per cent 
On prolonged boiling with potassium dichromate and sulphuric 
acid and distilling the product, an acid distilled which was 
monobasic and gave a silver salt containing 517 per cent of silver 
Explain the nature of the acid and of the liquid from which it was 
prepared 

7 A liquid gave the followung results on analysis 0=48 6, 
H=8i, 0=43 2 per cent Vapour density 37 It was insoluble 
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m ■water but dissolved gradually on boiling with potash What 
is the nature of the substance 7 Hon could y ou determine its 
constitution 7 Hon may it be prepared 7 

g A compound of the formula C-H-KO loses ammonia nhen 
boiled mth KOH, and from the resulting solution HC 1 precipi- 
tates a white, crystalline compound nhich, nhen dried and distilled 
with soda-lime, yields benzene Discuss the nature of the abo\e 
changes and explain hon the original substance could be con- 
\erted into aniline, phenol, and chlorobenzene 

9 Find the formula of three hydrocarbons from the folloning 
data — 

(a) 4 c c nere exploded mth So c c of air , 72 c c were left, 
and after absorption by potash 64 c c remained 

(b) 5 cc nere exploded mth 70 c c of air, 70 c c nere left, 
and after absorption by potash 60 c c remained 

(c) 5 c c nere exploded mth So c c of air , 75 c c weie left, 
and after absorption by potash 65 c c remained 

10 An organic compound has the following composition 

C=39 13 , H=8 69 , 0=52 17 

Boiling mth acetyl chlonde yielded an acetyl derivative which 
on hydrolysis mth normal alcoholic potash and subsequent 
titration mth acid gave the follow mg result 

1 09 grams of acetyl compound neutralised 13 cc of normal 
alcoholic potash 

What is the probable nature of the substance 7 

Discuss its structure and its behaviour mth different reagents 

11 A compound has the folloning percentage composition 
C=Si 53, H=4 8, H=i3 6, and a vapour density of 51 15 It 
evolves ammonia on boiling with KOH, and on reduction mth 
sodium and alcohol forms a base which reacts mth nitrous acid, 
giving off nitrogen and yielding an alcohol The alcohol can be 
oxidised to benzoic acid What is the original substance 7 
Explain the nature of the abov e changes 

12 A neutral crystalline organic compound contained the follow - 
mg amount of nitrogen o 17S gram gav e 22 4 c*c N N T P It 
was conv erted by nitrous acid with ev olution of N into a liquid 
monobasic acid n hich gave the following result on analy sis 

0 I 35 gram gav e o 198 gram CO, and o 0S1 gram H,0 

What are the above substances and what do you know about 
them 7 

13 Tnoisomenc substances hav e the following composition 
C=jS 5, H=S 4, N=i3o per cent In the analysis of the 
platinum salts o 416 gram gave o 130 gram of platinum (Pt=igj) 
They dissolve in dilute HC 1 On addition of NaNO. to the cold 
solutions, in the one case effervescence "takes place", and m the 
other there is no apparent action till the solution is warmed, when 
effervescence also occurs Explain the reason of this difference 
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in behaviour and how you would determine m other ways the 
nature of the compounds in question 

14 A dibasic acid containing 40 65 per cent of carbon, 5 10 per 
cent of hydrogen, and 54 25 per cent of o^gen gave a silver salt 
contaimng65 per cent of silver On heating this acid carbon dioxide 
was evolved and the resulting liquid was acid The silver salt 
of the latter contained 59 6 per cent of silver What is the 
formula of the original substance and how would you propose to 
obtain it ? What is the chemical change which takes place on 
heating it ? 

15 A substance which forms salts with both acids and bases 
has the following percentage composition 

C=6i 3 , H=5 1 , N=io 2 , 0=23 3 
On heating it with lime it is transformed into a mono-acid base 
The latter was converted into the chloroplatmate and on analysis 
o 61 1 gram yielded o 2 gram of platinum What was the probable 
formula of the original substance, the mono-acid base and the 
platinum salt (Pt =195) •* 

16 A neutral substance gave the following results on analysis 
o 2 gram gave o 146 gram of CO. and o 120 gram of H 2 0 , o 4 gram 
evolved ammonia (by Kjeldahl’s method) which neutralised 
13 3 c c of normal sulphuric acid The substance in aqueous 
solution effervesced on the addition of sodium nitrite and HC 1 , 
and evolved ammonia on boiling with caustic soda solution What 
is the probable formula of the original compound ? To what 
class of substances does it belong ’ Give any general methods for 
their preparation Explain the above two reactions 

17 Calculate the composition and give the molecular formula 
of a substance which on analysis gave the following data o 23 
gram of the substance yielded o 77 gram of CO. and o 18 gram of 
HjO The vapour density was 46 Suggest the constitution of 
the substance What experiments would you perform m order 
to decide the point ? 
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Alb cmca.es, 23C 

Alocmico d scSstarces, 237 

Alcoho’ aiso T a s, 24 , p-cpertie=, o'", 27 

nlcohol, radical. 3C 

Alcohol, c r ci v r t aIIt>at.oa 37, mcmdanc-e 
cf, 23 

AIcnhoLc alaehydfc, rx* , ft ones, r-17 
Alcobo-c Irqccrs, ax 

Alnocair 22, 137 , mo - ohvdnc ro- , 

oimxjcc oC ,7 , poVfcycrc, r-5 scarce, 
c r , 22 Streeters 0^3-' 
xJdehydetucmacti- 49 
Aldecyde gmsm, tra 
n’eecyde resin- 54 

AldsJxvdss 1=9. 11a nosoeccbiure o r , xra ; 
omdcuoa ofj 10C p- epac ation cf. xS , 
p-oaerues o c , 53 reactions o r , 30 , sue; 
teas c* - 5a, rra 
Alcehydic cues, ixa 175 
Ala;!, 53 
Aid anus, 51 
Alipaaacser-ts, 2 3 
ALiara.e% 30C 

Aluam, 306 , m a nuf acture o r , 3a- , p-o- 
perues 0% 336 
yields, 31S 

Alkaloids ta ord: aa, 3*5 , cpjan 330 
st r r d iaos, 324 

Alkyia.— .ices, coo , p-ecarauos of. 2=x , pro- 
perties 0^200 
AbjoacHicts, c£6 
AEcv’ car canines, 219 
tIjcvi cvaca.es, 2iS 
Alkyl cyan.des, 21S 219 
Alcyl cyan cra.es, ciS 
Alimene rad.cals, roo 
ABcsI bices. ck 

Alcyl fcycrosen salnaa es, 31, 12Z 
Alcy tsccraua.es, 220 
Alkyl isocyacides, 219 
Alkri tsaJaocvasatas, nro 
Alcyl radicals 33 
-nLosaa 227 

.-de n . r-i cn-nercc-v ocap-e, 23a 
Amber o 5 , 1I1 
xmerlcaa pese’eata, Sx 
Ata.des, 63 
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Amines, joo properties of, 300 , prepara 
tion of, 204 

Aminoacetic acid, 66, 232 
Amino acids, 232 
Aminobenzene, 262 

Amino-compounds, 262 properties of, 265 

Aminophenetol, 282 

Aminopropionic acid, 234 

Aminosuccinamide, 234 

Aminosuccimc acid, 235 

Ammonium carbamate, 221 

Ammonium cyanate, 216 

Amygdalin, 209, 390 

Amy 1 alcohol, 107 

Amylene, 129 

Anal) sis of alcoholic liquors, 24 , organic 
compounds, 14 , sugar, 13 urea 224 
Aniline, 262 reactions of, 266 , salts of, 263 
Animal starch, 167 
Anthiacene, 247, 305 
Anthracene h) dnde, 306 
Anthracene oil, 247 
Antbraqumone, 306 
Antbraquinone p sulphonic acid, 307 
Antifebnn, 267 
Arabmose, 16S 
Arbutin, 286 
Arginine, 236 
Argol, 184 

Armstrong^Baejer centric formula, 245 
Aromatic acids, 292 alcohols, 289 , aide 
h)des, 289, amino compounds, 262, 
halogen compounds, 250, h> drocarbons, 
241 , ketones, 296 , mtro-compounds, 251 
Arrowroot starch, ifir 
Artificial essences, 123 , silk, 166 
At)l radicals, 256 
Asparagine 234 
Aspartic acid, 235 
Aspirin, 299 

Asymmetric carbon atom, 173 
Atropine, 318 
Avoradro s h> pothesis, 16 
Azulmic acid, 208 


B 

Baejer Armstrongs centric formula, 243 
Balanced action, 29 
Barbituric acid, 227 
Barle) sugar, 158 

Bases, organic, 200 262, 316, molecu'ar 
ueight of, 322 

Beckmanns apparatus for freezing point, 
18 , for boiling point, 20 
Beer, manufacture of, 23 
Beeswax, 10S 

Beet root sugar industr) , 135 
Begasse, 134 
Benzal chloride, 256 
Benzaldeh) de, 289 290 
Penznldehy de cyanhy drin, 291 sodium bisul 
phite 291 phenyfhydrazone, 291 
Benzaldoxime 291 
Benzamide, 293 

Benzene, formula of 244 ■ properties of, 249 
production of, 246 , structure of, 244 
Benzene, dicarbox) lie acids, 201, 239 
Benzene disulphonate of sodium, 2S5 


Benzene disulphonic acid, 232 
Benzene hexabromide, 230 
Benzene hexachlonde, 250 
Benzene hexah)dnde, 230 
Benzene sulphonates, 281 
Benzene sulphonic acid, 252 
Benzenyl chloride, 256 
Benzine, 84 

Benzoic acid, 291, 293, 294 
Benzoic acid, derivatives of, 293 
Benzoline, 84 
Benzomtnle, 275 
Benzopbenone, 296 
Benzoqmnone 207 
Benzotnchlonde, 236 
Benzoy I chloride, 293 
Benzoyl glycine, 233 
Benzyl alcohol, 289, 292 
Benzyl chloride, 256 
Benzy 1 cy amde, 238 
Benzylidene chloride, 236 
Benzyhdene radical, 2 3 6 
Herbenne, 314 

Betol, 299 ( 

Bisulphite compounds of aldehydes and 
ketones, 50, 66, 291 
Bitter almonds, 209, 290 
Biuret reaction, 223 
Blasting gelatine, 143 
Boiling point, determin-ition of, 10 
Boiling point curve, 11 
Boiling point method, 20 
Bone oil, 313 
Borneo camphor, 260 
Borneol, 260 
Brandy, 23 
British gum, 164 
Bromacetamlide, 268 
Bromanthrnijuinone, 307 
Bromine, estimation of, 104 , detection of, 63 
Bromobenzene, 230 
Bromomethane 69, 98 
Bromopropane 98 
Bromosuccimc acid, 183 
Brucine, 322 

Burning naphtha, 84, 248 
Burning oil, 84 
Butane, 43, 94 
Rutter, 12 1 

Butter substitutes, 122 
Butyl alcohols, 107 
Butylamine, zoi 
Butyl halides, 98 
Butylenes, 129 
Butyric acid, 117 
Butyric fermentation, 117 
Butyrin, 119 


C 

Caffeine, 230 
Calcium carbide, 133 
Camphor 260 
Caoutchouc, 260 

Cane sugar, 154 extraction from molasses, 
>57 , hydrolysis of, 149 melting point, S 
purification of 6 refining of, 137 
Capnc acid, 119 
i.aprin 121 
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Caproic acid, 119 
Caprom, tit 
Caprotl radical, zi6 
Caprylic acid, 119 
Capryhn, isi 
Caramel, 138 
Carbamic acid, 221 
Carbamide, 222 
Catbamine reaction, 103 
Catbammes, 218, 219 
Carbimides, 220 
Carbmol, 107 
Carbohydrates, 147 
Carbolic acid, 247, 282 
Carbolic oil, 247 

Carbon atoms, linking of, 76 vatencj of, 76 

Carbon, detection of, 13 , estimation of, 14 

Carbon oxychtonde, 221 

Carbon tetrachloride, 91, 104 

Carbony 1 chloride, 221 

Carboxy I group, 79 

Carbylammes 216 

Carbyloxime, 217 

Cartus's method of analy sis, 104 

Casein, 160 

Catechol, 283 

Catechu, 283 

Celluloid, 167 

Cellulose, 164 , hexanitrate, 166 

Centric formula for benzene, 24s 

Cerasme, 86 

Ccrotic acid, 108 

Ceryl alcohol, 108 

Cetyl alcohol, 108 

Cety 1 palmilate, 10S 

Chinese wax, 108 

Chitin, 237 

Cliloracetic acid, 65 

Chloral J02, 1x3 

Chloral alcoholate, 113 

Choral hydrate, rt4 

Chlorethane, 28, 98 

Chlorhydnns, 142 

Chlorine carrier, 250 

Chlorine, detection of, 63 , estimation or, t o{ 
Chlorobenzene, 2 3 o, 274 
Chlorobenzoic acid, 293 
Chloroform, 91, rot 124 
Chloroform, tests for, 103 , preparation of, 
101 

Cbloroformic ester, an 
Chlorometliane, 69, 08 
Ohloronaphthalenes, 304 
Chloropropane, 98 
Chloropropiomc acid, 103 
Chlorotoluenes, 258 
Cinchona alkaloids, 319 
Cinchona bark, 319 
Cinchonine, 320 
Citric acid, igi 
Closed chain compounds, 242 
Coal tar, sj6, 248 
Coca, alkaloids of. 

Cocaine, 319 
Codeine, 320 
Collodion, 166 
Colza oil, 194 
Combustion apparatus, 14 
Compound ammonias 200 
Compound radicals, 38 

Cohen s Cl Bk Org Chem 
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Condensation, 33 
Condensed nuclei, 305 
Constitutional formula, 5 
Continuous ether process, 39 
Copper acctylide, J35 
Cordite, 143 
Cotton seed oil, T04 
Cream of tartar, 185 
Creatine, 234 
Creatinine, 234 
Creosote oil, 247 
Crteols, 284 
Crude naphtha, "47 
Crystallisation, 6 
Cyanates, 216 
Cyanhydrins, 52 
Cyanic acid, 216 
Cyanides, 210 
Cyanides, double, 2ti 
Cyanogen, 207 

Cyanogen compounds, 207 , esters of, 217 
Cy amine acid, 216 
Cymene, 250 
Cy tnogene, 84 


D 

Decane, 82 

Detection of carbon and hydrogen, 13, 
halogens, 65 , nitrogen, 19S , oxygen, 14 , 
sulphur, 215 

Determination of boiling point, 10 , melting 
point, 7 

Dextrin, 163, 104 

Dextro rotatory, 172 

Dextro tartaric acid, 187 

Dextrose, 249 

Diacetyl tartaric ester, 1S6 

Diammobenzene, 264 

Diastase, 23 

Diazo-compounds, 273 

Diazobenzene salts, 270 

Dibasic acids, 177 

Dibromanthraquinone, 307 

Dibrometbane, too 

Dibromopropiontc acid, 193 

Dibromosuccimc acid, 1S7 

Dichlorerbane, >00 

Dichlorhydnn, 142 

Dichlorobenzene, 250 

Dichloromethane, pr, 100 

Dichloronaphthalenes, 304 

Dichloropropane, 67 

Dicyanogen, 20S 

Diethyl, 94 

Diethyl ether, 38 

Dtethy 1 ketone, rrj 

Diethyl tartrate, 185 

Dihalogen dern atn es of paraffins, 100 

Dthydrtc alcohols 140 

Dthydric phenols, 283 

Dihydroxjanthraquinone, 307 

Dthydroxy benzenes, 283 

Dihydroxy succinic acta, 184 

Dimethyl, 77 

Dimethyl anunoazabenzene hydrochloride, 
278 

Dimetliylamme, 205 
Dimethylamhne, 266, 269 
Dimethy 1 benzenes, 250 

Z 
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Dimethyl ethyl methane, 82 

Dimethyl isopropyl methane, 82 

Dtmethy 1 ketone, 54, 66 

Dimethy 1 mtrosamine, 202 

Dimethyl propyl methane, 82 

Dimethyl sulphate, 127 

Dimethyl xanthine, 230 

Dinitrobenzene, 252 , 264 

Dmitronaphthalene, 304 

Dinitroxytartaric ester, 186 

Diphenylamine, 265 

Diphenyl ketone, 297 

Disaccharoscs, 148, 154 

Distillation in vacuo, 277 , in steam, 263 

Distillation of coal tar, 246 , of n ood, 54 

Diureides, 228 

Dodecane, 82 

Double bond, theory of, 130 
Double cyanides, 212 
Driers, 104 
Drying oils, 194 
Dulcito], 154 

Dumas s method for estimating nitrogen, 238 
Dutch liquid, 127 ' 

Dynamite, 145 


E 

Earth oil, 83 
Egg albumin, 236 
Eiaidicacid 193 
Electro plating solutions, 211 
Empirical formula:, 15 
Emulsin, 209 290 
Enantiomorphous crystals 188 
Enzyme, 21, 22, 163 
Essences, artificial, 123 
Essential oils, 260 
Esters, 127 

Esters, isomerism of, 124 , properties of, 
123 , sources of, 123 

Esters of inorganic acids, 122 , of organic 
acids, 122 

Estimation of carbon and hydrogen 14 , 
nitrogen, 237 halogens, 264 
Ethpne, 03, 129 preparation of, 43, syn 
thesis of, 77 

Ether, 38, molecular formula, 41 , prepara 
non of, 39 ■ properties of, 40 , vapour 
density of, 42 
Ethereal oils, 123 
Ethers 110 

Ethoxide of sodium, 27 
Ethyl radical, 37 

Ethyl acetate, 31, 35, 63 , hydroly sis of, 35 , 
preparation of, 34 
Ethyl acetoacetate, 177 
Ethyl alcohol, 9 , properties of, 27, 107 , 0x1 
dation of, 47 , structure of, 37 
Ethyl benzene, 238 
Ethy 1 benzoate, 293 
Ethyl bromide 30, 98 
Ethyl carbamate 221 
Etby 1 chloride, 28, 98 
Ethyl cyanide, 44 

Ethy 1 ether, 37 , synthesis of, 38 , methy lated, 
116 

Ethyl hydrogen sulphate, 31, 128 
Ethyl iodide, 30, 44, 98, 129 


Ethyl methyl, 93 

Ethyl nitrate, 31 

Ethyl oxalate, 180 

Ethyl potassium sulphate, 31 

Ethyl tartrate, 186 

Ethylamine, 201, 219 

Ethylate of sodium, 27 

Ethylene, 127 

Ethylene bromide, 100, 128 

Ethylene chlorhydnn, 129, 140 

Ethylene compounds, 100 

Ethylene cyanhydrin, 175 

Ethylene dibromide, 100, 128 

Ethylene dichlonde, 100, 128 

Ethylene glycol, 140 

Fthylene iodide >00 

Ethylene lactic acid, 173 

Ethy lidene bromide, roo 

Ethylidene chloride, 52, 100 

Ethy lidene iodide, too, 136 

Externally compensated compounds, 189 


F 

Fats, riB 
Fatty acids, zi6 
Fettling s solution, 50 
Fenton s reaction, 186 

Fermentation, 9 , acetous, 54 , butync, 117 , 
lactic, 170 
Ferments, 23 
Ferrocyinides, 214 
Fire-damp, 92 
Fit tig 1 reaction, 234 
Flash point, 87 
Fluorescein, 285 
Forcite, 143 

Formaldehyde, 70 , preparation of, 70 , poly 
merisation of, 71 , tests for, 72 
Formaline 71 
Formamidc 210 

Formic acid, 73 , preparation of, 74 , struc 
ture, 78 tests for, 74 
Formomtnle, 207 
Tormose, 73 

Formula, empirical, 15 , molecular, 1$, 16 
Formyl radical, 101 
Fractional crystallisation, 6 
Fractional distillation, 10 
Fractionating columns it, 12 
Freezing point method, 17 
Fntdtl Crafts reaction, 254 
Fructose, 152, structure of, 153 
Fruit sugar, 132 
Fulminate of mercury, 217 
Furfurane, 312 
Fusel oil, 22 


G 

Galactonic acid, 154 
Galactose, 133 
Gallic acid, 287, 299 
Gelatine, 237 
Gin, 24 

Glacial acetic acid, 55 
Globulins, 236 
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Glucosazoae, 15J. »S 3 , 

Glucose, 140, fermentation ol, 9 prepan 
tion of, 14a, properties of, 150, reactions 
of, 150, structure of, 132 
Glucose phenylhydrazone, 151, 153 
Glucosides, -09, - e 6 -oo 
Glucosone, 151 
Glue, at? 

Gluten, 16' 

Glutin 337 
Glyceric acid, 14: 

Glycerin, 141 
Glycerol, 141 

Glycerol clilorhydrms 14- 

Glycerol mono di , and tmeetin 14* 

Glycerol pho«pbonc acid, 149 

Glyceryl alcohol 141 

Glyceryl trichloride 143 

Glyceryl trinitrate, 144 

Glycine 333 

Cly cocoll, sis 

Glycogen, 107 

Glycol, no 140 

Glycol acetate 140 

Glycol ether, 140 

Glycolhc nad. 140 170 

Glycolhc aldehyde, 140 

Glyoxal 140 

Glyoealic acid, 140, 17S 

Gold extraction, 31 - 

G rape-sugar, 149, fermentation of, g 

Cnessi reaction, 373 

Guanine 3-9 

Glim arahic, i 63 

Gums, 167 

Gun-cotton, iW 

Gutta perclia, -6w 


H 

Halides, primary, secondary, and terliaiy, 
90 

Halogen earners. 250 

Halogen demuttxes of aromatic by dmcar 
bona, 350 , paraffins 07 
Halogens, action of, 65 , detection of, 6s, 
estimation of, 104 
Hard soan, 120 
Heasy Oil, 247 
Hcdonal -21 
Hehanthm, 37S 
Heptadecane, 8r 
Heptane, 8a 

Heterocyclic compounds, 311 
Hexadecane, 82 
Hexahydrobenzene, -44 
Hexamelhylrnc tetramine, 73 
Hcxamme, 73 
Hexane, 82 
Hexones, 148 
Hijinuric acid, 233 204 
Hc/mann t boltle, 4- 
Homocy die compounds, 311 
Homologous senes, 77 
Hydracryhe acid, 173 
Hydra ttne, 315 
Hydrazones, sr. 291 
Hydrobenramlae, 293 


Hydrocarbons, 81 aliphatic, 83 aromatic. 

241 , unsaturated, 137 
Hydrocyanic acid, 78, -07 , properties or 
ato , tests for, 212 
Hydroferrocyantc acid 2x3 
Hydrogen, detection of, 13 , estimation or, 14 
Hydrolysis, 35, 123 
Hydrolytic ferments, 23 
Hydroqumone, 2E6 
Hydroxy acetic acid 66, 170 
Hydroxy acids, 170 
Hydroxy aldehydes, 147 
Hydroxwnthraquinonr, 307 
Hydroxyazobenrene, -78 
Hydroxy benzene, -82 
Hydroxy benzoic acid, 297 
Hydroxy ketones, 147 
Hydroxyl group, 3S, 79 
Hydroxypropionic acid, 170, 173, 182 
Hydroxy toluene, 2S4 
Hyoscine, 318 
llyoscyamine, 31S 
Hypnotic, 207 
Hypnotics, 221, 2-7 


I 

Internal compensation, iFo 
Inulin 167 
Imersion, isS 
Insert sugar, is 3 
lodolien-ene, 27 s 
Indofnnn, 103 
Iodoform test, 2 3 
Iron hquor, 58 
Isohutare 94 
ItobutyTicacid, 118 
I socyamde reaction, to; 
Isolieptane, Ea 
Isoleic acid, 143 
!*omenc paraffins, 8a 
Isomerism, 4, 53 
Isopentane, 9s 
Isoplubahc acid, 259 331 
Isopropy I alcohol, 107, 109 
Isopropyl hronude, 98 
Isopropyl diloride, 98 
Isopropyl iodide, o 3 
Isoqumohiie, 313, 314 


J 

Jaggery, t $4 


K 

h rkult 1 formula for benzene, 344 
Kt fruit 1 theory, 76 
kephir grains, 160 
keratin, 237 
kero cne, 84 

ketones, 68, 109, 112, 296 
ketonie acids, 175 
ketoximes, 67 
kteselguhr, 14s 

hjtldaMs method for estimating nitrogen, 
339 
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Kolbcs reaction, 297 
Koumiss, 160 


7 

Lactic acid, 1 17, i 70 , 320 
Lactic fermentation, 170 
1 actose, 160 
L-cvotnrtaric acid, 188 
Lactulose, 152 
Lakes, 308 
Lanolme, 121 
Lard, 118 
Laudanum, 321 
Lead acetate, 58 

I e Bel and van t Hpjf s theory, 173 
1 eucine, 234 

Ltcbermat n s mtroso reaction, 272 

Light oil, 247 

Ligrom, 84 

Limonene, 260 

Linking of carbon atoms, 76 

Lmoleic acid ig4 

Linoleum, 194 

I inseed oil, 119, 194 

I ithofracteur, 145 

Lubricating oil, 84 

Lyddite, 2S4 


M 

MacArlhur-Fonesl process, 211 

Madder, 307 

Malic acid, 182 

Malonic acid, 180 

Malonjl urea, 227 

Malt, 23 

Malt sugar, 23 148, 160 

Malt ainegar, 56 

Maltase, >61 

Maltose, 148, 160 

Mannose, 154 

Margarine, 122 

Marsh gas, 60, 92 

Mecomc acid, 320 

Melinite 284 

Mehssyl alcohol, xo8 

Melitnose, 161 

Melting point curve, 7 

Melting point, determination of, 7 

Menthol, 260 

Mercerising, r6 

Mercuric cyanide, 207 

Mercury fulminate, 217 

Mcsitjlene, 259 

Mesotartaric acid, 187 

Mesoxalyl urea 227 

Meta compounds, 244 

Metaldchyde, 51 

Metameric, no 

Metamenc ethers, no 

Metamerism, no 

Methane 60 92 

Methyl alcohol, 54, 69 , 107 

M»thyl bromide, 69 98 

Methyl carbamine, 199 

Methyl chloride, 69 98 

Methyl cyanide, 78 , preparation of, 199 


Methyl ether, 6g 

Methyl hydrogen sulphate, 69 

Methyl iodide, 69, 98 

Methyl isocyaniae, 203, to 

Methyl mustard oil, 220 

Methyl nitrate, 70 

Methyl orange, 278 

Methyl oxalate, 180 

Methyl propyl ether, no 

Methyl radical, 6g 

Methyl salicylate, 297 

Methylamme, 199, 2o> 205 

Methylanihne, 266 

Methylated ether, no 

Methy lated spirit, 24 

Methyl benzene, sg 

Methyl benzoic acid, 259 

Methylene, 100 

Methylene bromide, 100 

Methy Iene chloride, 91, 100 

Methylene iodide, 100 

Methyl glycine. 234 

Methyl guanidine acetic acid, 23S 

Methyl isopropyl benzene, 2Sg 

Middle oil, 247 

Milk, composition of, 160 

Milk sugar, 153, 160 

Mineral oil, 84 

Mincy 1 alcohol, 108 

Mixed ethers, no 

Molasses, sugar from, ry7 

Molecular formula, 16 

Molecular weight, 16, 322 

Mono acetm, 142 

Monochloracetic acid, 66 

Monochlorobenzene, 250, 274 

Monocbloronaphlhalenr, 304 

'Monohalogen, derivatives of paraffins, 97 

Monohydric alcohols, 107 

Monohydnc phenols, 280 

Monosaccharoses, 148 

Mordants 58, 309 

Morphine, 320 

Morphine tests for, 321 

Mucic acid, 154 

Mucin, 237 

Multiple functions of compounds, 139 
Murexide, 228 
Mustard oils, 220 


N 

Naphtha 249 coal tar, 247 , solicnt, 247 

Naphthalene, 304 

Naphthols, 305 

Naphthylammes, 305 

Narceine, 320 

Narcotine, 315, 320 

Native albumins, 236 

Neopentane, 95 

Nicotine, 318 

Nitranihne, 264 

Nitriles, 2x8 

Nitrobenzene, 2£i 

Nitrobenzoic acid, 293 

Nitrocellulose, 260 

Nitrogen, detection of, 198, estimation of, 
237 

Nitroglycerin, 144 
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Nitronaphthalenes, 304 
Nitrophenols 282 
Nitrosammts 103, 271 
Nitrosodimelhjlamlinc, "\ 
Nitiosomethjlanihne, =71 

AeWaoil, 144 
Neman-, 8: 
formal paraffins 05 
Nuclear substitution, 156 
Nucleus and side-chain, 336 
Nux sotmca, alkaloids of, 3’t 


Octane, 8: . , , , 

Oil of bitter nlmonds 3S9 , bitter almond', 
artificial, sst fusel, 22 , lemon , 360 , 
mustard, 210, turpentine, 260, ■winter 
green, 297 
Oil-clotb, 104 
Oils, drying, 194 
Oils essential, 200 
Oil-, fixed or vegetable, 1 iS 
Olefiant gas, 127 

Olefines, 127, 12S , structure of, 129 

Oleic acid, txS, 103 

Olein, 11S 

Oleomargarine 122 

Opium alkaloids, 320 

Optical activitj, 171 

Ortho-compounds, 244 

Osazones, 151 

O-tatki, E 0 

Oxalates, 179 

Oxalic acid, 140 , 178 

Oral) l urea, 227 

Oxamide, 180, 20S 

Ozokerite, 86 


Palmitic acid, 11S 
Palmitin, u8 
Papas exine, 315, 3-0 
Paper, 163, 167 
Parabanic ana, 2 ’7 
Para-compounds, 244 
Paracjanogen, 207 
Paraffin Indus trj , 85 
Paraffin oil, 83 
Paraffin scale, 86 
Paraffin wax, 84, 86 

Paraffins, properties of, Eg, sjn thesis of, 4s, 

Paraform, 71 
Paraform aldehx de, 71 
Paralactic acid, 171 
Parvldehjde, 51 
Parchment paper, 165 
Pentane, 93 
Pentoses, 148, 16S 
Pepsin, 23 
Pep ones, 237 
Petrol, 84 

Petroleum, 83 , American, 64 , Russian, 85 
Petroleum benzine, 84 
Petroleum ether, £4 
Petroleum naphtha, £4 


Phenacetin, 2S2, 283 
Phemc acid, 28s 
Phenol, eSt, 282 
Phenolic acids, 29-* 

Phenols, 080 

Phenolsulphomc acids, 284 
Phenj I acetamide 267 
Phenjl acetic acid, 292 
Phenj l hromide, 230 
Phcnsl chloride, 274 
Phenj 1 cj-anide, 273 
Phenj 1 radical, 255 
Phenj lamine, 262 
Phenj lcarbamine reaction, 104 
Phenj Icarbonate of sodium, 208 
Phena lene diamine, 264 
Phenj lglucosarone, 131 
Phenjlhjdrazine, 276 
Phenj lhj-drazones, 51, 291 
Phenj 1 isocyanide reaction, 103 
Phenj 1 methane, 254 
Phenjl methjl ketone, 296 
Phenj Itnmethjl ammonium iodide, 272 
Phloroglucmol, 287 
Phosgene, 221 
Fhotogene, 84 
Phthalic acids 239, 3ot 
Phthahc anhjalndc, sot 
Picnc ?ctd, 282, 283 
Pmene, 260 
Piperidine, 317 
Pipeline, 317 
Pitch, 347 
Polarised light, 171 
Poljhjdnc alcohols, 1*0 
Poljmensation, 53 
Polj saccharoses, 148, 161 
Potassium cj-anate, 316 , preparation of, 217 
Potassium cyanide, :u 
Potassium ethjl sulphate, 31 
Potassium femcjamdc, 213 
Potassium ferrocj'amde, 214 
Preparation of acctaldehjde 48, acetamide 
ra7 , acetanilide, 268, acetic anhjdndc 
64 , acetone, 66 , acetj lene tetrabromide, 
199 , aniline, 263 , brnzonnnle, 275 , 
benzntdehj de, -go , benzoic acid, 295 , 
benzj I alcohol 289 , benzjl chloride, 237 
Iromacctamhde, 26S , bromobenzene, 250 , 
caffeine, 230 chlorobenzene, 274 , chloro 
form, toe , dtmetbjlamhne, 260. dinitro 
benzene, 232, ethane, 45, ethjl acetate, 
34 , ethyl alcohol, o , ethjl bromide, 30 , 
ethjl chloride, 2S , ethjl ether, 39, ethjl 
ene, 128 formaldehjde, 70 , formic acid, 
74 , gb’cinc, 232 , lodobenzene, 273 , lodo 
form, 103, methane 60, 92 , methyl cyan 
ide, 109 , mtrtniline, 264 , nitrobenzene, 
251 , mtrophenols, 283 , phenol, aSr , 
phthahc acid, 301 , phenj lhj-drazine, 276, 
phenjl cj-anufe, 273, picric acid, 284, 
potassium cyanatc 217, potassium ethjl 
sulphate, 31, quinoline, 314, salicjlic 
acid, 29S, sodium benzene sulphonate, 
233 , sulphantlic acid, 367 , tnbrom 
aniline, 267 , urea, 217 
Pnmarj alcohols, 108 
Pnmarj amino-compounds, 26 6 , 270 
Pnmarj amines, 200, 202 
Pnmarj halogen compounds, 99 
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Proof spirit, 24 
Propane, 93 
Proptonal, 337 
Propionic acid, 117 
Propiolijl radical, 6a 
Propyl alcohol, 107 
Propyl bromide, 9S 
Propyl chloride, gS 
Propyl iodide, g8 
Propyl radical, 77 
Propylamine, 20 r 
Propylene, tag, 141 
Propylene radical, 100 
Protamines, 336 
Proteins, 335 
Prussian blue, 215 
Prussiate or potash, 214 
Prussic acid, 307 
Pseudocumene, 359 
Ptyalin, 33, 163 

Purification of organic compounds, 6 
Purpunn, 306 
Pyndine, 313 
Pyrogallic acid, a8; 

Pyrocallol, 387 
Pyroligneous acid, 54 
Pyrrole 313 
Pyroxylins, 166 
Pyruvic add, 176 


Q 

Quad n valency of carbon, 76 
Qualitative tests for carbon 13, halogens, 
63 , hydrogen, 13 , nitrogen, 198 , sulphur, 
315 

Quantitative estimation of carbon and 
hy drogen, <4 , halogens, 104 nitrogen, 
=37 

Quaternary ammonium compounds, 303, 373 

Quick vinegar process, 56 

Quinhydrone, 386 

Quinic acid, 317 

Quinine, 319 

Quinolj 386 

Quinoline, 313 

Quinone, 386 


R 


Racemic acid, 186 
Racemic compound, 18S 
Raoult t method, 17 
Radicals, 38 
Raffinose, 148, x6z 
Rape seed oil 194 
Rea liquor 58 
Red prussiate of potash, 315 
Rennet, 160 

Resolution of inactive compounds, 190 
Resorcinol, 385 

Reversible reactions, 39, 34, 35 
Rhigolene, 84 
Ring compounds, 343 
Rochelle salt, 185 
Rock oil, 84 

Rotatory polarisation, 173 


Rubery thnc acid, 306 
Rum, 3 3 

Russian petroleum, 83 


S 


Saechanr acid, 133 
Sacclnnmeter, 138 
Sicch-iromyces, g 
Saccharoses, 148 
Saco starch, i6r 
Salicylic acid, 398 
Salol, 399 
Salts of lemon, r8o 
alts of sorrel, 180 
Saneimejert reactions, 374 
Saponification, 35, >19 
Sarcolactic acid, >71 
Sarcosine, 334 
Saturated compounds 90 
Saturated hydrocarbons, 90 
Scale, paraffin, 86 
Schtff s azotometer, 333 
Schiff's test for aldehy des, 50 
Schiveinfurt green, 58 
Schweitzers reagent, 163 
Sealed tube, 105 
Secondary alcohols, 108 
Secondary amines, 300 
Secondary ammo-compounds, 36 6 
Secondary butyl carbinol, 107 
Secondary halogen compounds, 99 
Secondary propy I alcohol, 107, 109 
Serum albumin, 336 
Shale, bituminous, 83 
Side-chain, 356 
Silver acetyhde, 135 
Simple ethers, no 
Skraup 1 reaction, 314 
Soap, xrg 

Sodium alcoholate, 37 
Sodium alizarate, 308 
Sodium benzene sulphonate, 333 
Sodium cyanide, an 
Sodium ethylate, 37 
Sodium ferrocyanide, 314 
Sodium clycolate, 140 
Sodium ny drovyazobenzene, 378 
Sodium methylate t 70 
Sodium mtroprusside, 313 
Sodium phenate, a8a 
Sodium phenyl carbonate, 297 
Soft soap, tar 
Solar oil, 85 
Solid paraffin, 84, 86 
Soluble starch, 162 
Solvent naphtha, 248 
Solvents, 6 

Space configuration, 173 
Space isomerism, 173 
Specific rotation, 130 
Spermaceti, 108 
Spirits, manufacture of, 23 
Spirits, methylated, 34 
Spirits of wine, 34 
Starch, z6r 
Starch cellulose, 62 
Starch granulose 162 
Starch paste, 163 
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Starch soluble, i6a 
Steam distillation, 963 
Stearic acid, 118 
Stearin, n8 
Steanne, 119 

Stereoisomerism, 173 , of lactic acids, 174 , 
of malic acids, 182 , of tartaric acids, 187 
Still head, ti 
Storuc, 289 

Strontia method of sugar extraction, 157 
Strontium saccharosnte, 157 
Structural formula:, 5 
Strychnine, 321 
Slrjchnos alkaloids, 321 
Substituted ammonias, 200 
Substitution, 90 

Substitution in side-chain and nucleus, 2 56 
Succinic aad, 181 • 

Succinic anhydride, 182 

Sugar, fermentation of, 9 , analysis of, 15S 

Sug-ir-candy , 15S 

Sugar-cane, 154 

Sugar-charcoal, 158 

Sugar of lead, 58 

Sugar refining, 157 

Sugars, 148 

Sulplianilic acid, 267 

Sulphobenzoic acid, 293 

Sulphonation, 253 

Sulphonic acids, 233 

Sulphur, detection of, 215 

Sweet water, 119, 143 


T 

Tallow, ir8 
Tannins, 300 
Tapioca, 161 
Tartar emetic, 2S3 

Tartaric acid, 184 , salts of, 183 , structure 
of, z86 , tests for, 186 
Tartrates, 183 
Tartronic acid, 142 
Terephthalic aad, 259, 301 
Terpenes, 260 
Tertiary alcohols, to 3 
Tertiary amines, 202 
Tertiary ammo-compounds, 270 
Tertiary but j 1 alcohol, 107 
Tertiary buty 1 halides, 00 
Tertiary halogen compounds, 99 
Tetrachloromethane 104 
Tetramethy lammomum iodide, 204 , hydrox 
ide, 204 

Tetramethy lmethane, 82 
Thcbamc, 320 
Theme, 250 
Theobromine, 230 
Thiophene, 249, 312 
Tobacco, alkaloid of, 318 
Tolu balsam 241, 289 

Toluene, 233 , structure of, 234 , action of 
chlorine on, 256 
Toluic acids, 259, 292 
Toluidines, 266 
Inacetm, 142 
Inbromaniline, 267 
lnchloraceticacid, 63 


Tnchloraldehyde, 102, 113 
Tnchloramline, 267 
Trichloromethane, 91 
Tnethylamine, 207 

Trihalogen dtnvattaes of the paraffins, tot 

Tnhydric alcohols, 141 

Trihy dric phenols, 287 

Trihydroxy benzenes, 287 

Trihydroxy benzoic aad, 299 

Tri lodomethnne, 103 

Trimethylamine, 203 

Trimethylbenzene, 239 

Trimethylethylmethane, 82 

Tnmethyipheny lammomum iodide, 272 

liimcthy lxanthine, 230 

Irmitrophenol, 282 

J ripheny lamine, 266 

Trisaccharose, 148 

Tropxohn, 273 

Tropic acid, 318 

Tropme, 318 

Trypsin, 23, 234 

Turkey red, 307 

r-umoults blue, 215 

Turpentine, 260 


U 

Unsaturated acids, 192 
Unsaturated groups, 214 
Unsaturated by drocarbons, 127 
Urea 222, preparation of, 217 
Ureides, 227 
Urethane, 2-0 
Uric acid, 228 


V 

Vacuum pan, 136 

Valency of carbon, 76 

Valeric acid, 116 

Valery 1 radical, 116 

Vapour density, determination of, iC 

Vapour pressure curve, 17 

Varnishes, 194 

Vaseline, 84 

Vegetable bases, 316 

Vegetable oils, 11S 

Verdigris, 58 

Veronal, 227 

Vinegar, malt, 56 , wine, 56 
Vinegar organism, 36 
Vinegar, quick process, 36 
Vinyl bromide, 132 
Vulcan powder, 145 


W 

Waxes, 118 
Whisky, 23 
Willesaen paper, 166 
Wine vinegar, 56 
Wines, manufacture of, 23 
Wintergreen oil, 297 
Wood gum, 168 
Wood spirit, 24, 54 
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Wood tar, 54 \ 

Wool grease, 121 

Wort, *3 Yeast cells, 9, 22 

Yellow prussiate of potash, 214 
V orkshire grease, 121 


Xanthine, 167 
Xjlenes, 259 
Xylidtnes, add 
Xy Ionite, 167 
Xylose, 1 68 


Z 

Zinc-copper couple, 45 
Zinc methoxy iodide, 45 
Zymase, 22 


PRINTED IN GREAT BRITAIN BY R CLAY AND SONS, VTD , 
BRUNSWICK STREFT, STAMFORD STREET, S E I, AND BUNGAY, SUFFOLK 





